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ABSTRACT 
From the very beginning the locusts and grasshoppers have been among the 
most destructive pests of crops and there is hardly any stretch of land free from 
them. Of the polyphagus pests attacking a large variety of crops in different 
seasons, grasshopper occupy a unique position because of their voracious feeding 
habits, they devour all kinds of plants. Grasshopper's species competes with 
humans for plants all over the globe and hence, threatens human prosperity and 
survival. The grasshopper's understudy belongs to the order Orthoptera and family 
Acrididae. 
Although grasshopper damage consists primarily of the destruction of 
seedlings or the gradual defoliation of older parts, it may occur in other ways also. 
Both the species understudy inflicts a wide range of economically important crops 
of graminaceous and leguminaceous crops and assuming the status of major pest 
in north India. 
The adults and nymphs of Choroedociis illiistris especially relish upon 
wheat, sugarcane, maize, paddy, millet, pearl millet, bamboo, groundnut and 
pulses but readily found devouring the nursery plantation of guava and are 
inhabitant of long and dense grasses. The adult of Choroedocus illustrs dark 
brown in colour and having yellow streaks on prothoracic region .It is widely 
distributed in India, Pakistan, Thailand, Indonesia, Malaysia, Nepal, and Sri 
Lanka. Adults and nymphs are found congregating in different crop fields and are 
able to perform short distance migration. 
The Oedalens abruptus is also a dreaded pest and assuming a major threat 
to graminaceous crops in North India, is inhabitant to short grasses. It can easily 
be distinguished by medium sized body; greenish with brown or white markings; a 
small 'X' mark on the pronotum; fastigium of vertex concave; scutellum of the 
vertex long, narrow, sub triangular and pointed; and greenish yellow wing base 
with brownish fascia. It is widely distributed in India (West Bengal, Andhra 
Pradesh; Goa, Bihar, Himachal Pradesh, Jammu and Kashmir, Kerala, Madhya 
Pradesh, Orissa, Rajasthan, Tamil Nadu and Uttar Pradesh), Pakistan, Bangladesh, 
Myanmar, China, Indonesia, Nepal, Sri Lanka and Thailand. 
The population sizes of both the species under study have been estimated 
with special reference to seasonal variations. The populations of both the species 
observed maximum during July to October which is in direct association with 
maximum vegetative grov^h during that period with the onset of monsoon and 
peak of reproductive activity was noticed for both species. The hoppers and adult 
of both species were found abundantly where grasses of Cynodon dactylon, 
Andropogan adoratus, Cyperous rotundus, Steria glauca and Paspalum distichum 
were dominating the vegetation. 
The small-scale movements of all stages of grasshopper were extremely 
influenced by day temperature, relative humidity, air speed, intensity of light and 
human activity and after sunset they were hidden under thick vegetation. 
The experiments in the laboratory were set up taking different 
environmental factors (viz., temperature, food, isolation and crowding) into 
consideration to find out the impact on biology, morphometries and colour 
patterns. Maximum eight possible combination of these factors were obtained and 
they affected the entire life of species understudy in a very effective way as 
expected and the data obtained found promising which follow a typical locust 
pattern as for as morphometries and colour pattern are concern. The species 
understudy exhibited their hidden locust instinct in a very effective way when they 
were subjected to different experimental conditions. 
The field collected grasshopper's species of Choroedocus illustris and 
Oedaleiis abruptus sorted in to two groups, placed in the cage, and fed on Zea 
mays and Cynodon dactylon. Observations begins with the copulation followed by 
oviposition, is of typical acrididian pattern. Oviposition period vary in both the 
species under the influence of two different foods, it was 226.1±16.28 minutes at 
Cynodon dactylon and 218±17.26 minutes at Zea mays in case of Choroedocus 
illiistris while in case of Oedaleus abruptus it was 161.2±12.57 when fed on 
Cynodon dactylon and 161.9±12.58 when fed on Zea mays. 
The average fecundity of females of the Chorocedous illustris and 
Oedalem abruptus was affected by isolated and crowded condition as well as by 
food. 
The impact of temperature on the incubation period for successful hatching 
was noticed as37±rC showed shortest incubation period while 27±1°C showed 
slightly long incubation period. Diapause does not occur at any stage of life cycle 
in the laboratory and therefore, their stock were maintained throughout the year 
easily and 4-5 generation in the laboratory was obtained. 
The development of hoppers followed a typical acrididian pattern, having 
constantly five hoppers instar in both sexes. The duration of life cycle largely 
influenced by environmental factor as in the experimental setup, the crowded 
condition always took less time than isolated condition. Between sexes the males 
matured early as compared to the females. 
Dyar's law has been successfiilly applied to the successive hopper instars of 
Choroedocus illustris and Oedaleus abruptus and found that development of head 
width strictly follows the Dyar's law with slightest diversion. The application of 
Dyar's law in the present study is an addition to acridological knowledge. 
The imperative aspects of present study are the morphometrical analysis 
and chromatic profile in relation to different ecological factor. These factors 
affected the life of species under study in a very significant way. The 
measurements obtained for different experimental condition found promising on 
statistical treatment, when statistically significant measurements subjected to 
different ratios on locust pattern, showed similarity with different phases of 
locusts. Among ratios E/F and F/C found exactly as in locusts and between these 
two ratios F/C found quite close to gregarious and transiens phases of locusts in 
both the species. 
The colour patterns of body also follow the same pattern as in the 
morphometries in response to various ecological factors. Though entire body 
exhibited a wide range of colouration but their patterns were more pronounced in 
head and thoracic region i.e. only these two regions taken into consideration. The 
colours present in the integument are highly susceptible to changing 
environmental condition under different experimental setups showed a definite 
colour patterns. These changing colour patterns were observed and recorded in 
line diagrams of head and thoracic region. Dictionary of Colours by Maerz and 
Paul (1950) used for identification, coding and naming of colours. The colours 
found in the adults of Choroedocus illustris and Oedaleus abruptus are of 
immense scientific interest, these colours patterns were found reversible when 
they were subjected to changing environmental conditions as in the locusts. 
It can be concluded from the present study that both the species under study 
have hidden a locust instinct, which may lead to gregarization of species, which 
may lead to gregarization when they get conducive condition, suggesting 
preventive measure in time to avoid the havoc to any area of cultivation. 
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Since times immemorial man has had to contend with insect pests, which 
attack his cuUivated plants, domestic animals and himself. Insects as pests present 
us with a formidable adversary, making up for what they lack in intelligence by 
sheer weight of numbers and biological versatility. They are unlikely to give up 
easily in the struggle for existence. The ways in which insects affect man's welfare 
are many and varied. Although the number of species of insects that are regarded 
as pests are not large, but their activities have major impact on human welfare. 
The Food and Agricultural Organization of the United Nations has estimated that 
one- third of all food grown is lost to pests and diseases, either from growing crop 
in the field or in the store after harvest. Among all pests the locusts and 
grasshoppers make a considerable share. 
Grasshoppers belong to the order Orthoptera which includes the deadly 
destructive locusts. It is one of the largest order of insect having over 17,250 
species known to science globally and with more than 900 species reported from 
India. 
The Orthoptera are distributed throughout the physiographic zones of the 
world, but their distribution depends largely upon the vegetation prevailing in the 
fields, forests, agricultural lands, temperature, seasonal precipitation of 
rain fall and soil conditions. India, with her humid grass lands in the east and 
the north-east India, semiarid grass plains in the northwest and the south, vast 
agricultural fields throughout, sub-mountainous forests and scrub jungles, 
vegetation adjoining lakes, river basins and numerous water bodies scattered 
throughout the country, provides a unique habitat for this group of insects. 
Grasshoppers feed on a wide range of plants and other organic material 
(e.g., detritus, dung, dead insect, etc.). The species under study when reach 
high densties, concentrate their feeding on valued plants, and thus damage the 
agricultural value of both range and cropland. These grasshoppers constitute a 
serious insect pest problem in the plains of north India. Both ranchers and 
farmers are suffering from hardships due to devastation caused by 
grasshoppers. 
Grasshoppers are voracious feeders, consuming approximately one-half 
of their body weight in green forage per day. In high densities, grasshoppers 
can severely reduce the forage value of rangeland, resulting in reduced weight 
gain of cattle and lower calving rates. Grasshopper damage may force 
producers to buy hay, sell early, reduce stocking rates, or relocate the herd. 
Forage loss due to grasshopper feeding can be through direct consumption, or 
clipping without consumption. Clipping may be significant, accounting for up 
to 50 percent of forage loss to domestic stock due to grasshoppers. When 
clipping occurs, ground-dwelling grasshoppers eat most of the clipped pieces. 
Both consumption and clipping without consumption are dependent on the 
species preference for a food type and its feeding behaviour.The species under 
study always gives preference to plants of Graminae family. 
The species under study (Choroedocus illustris and Oedaleus abruptus) 
belongs to the suborder Caelifera, super family Acridoidea and family 
Acrididae. 
From the very beginning the locusts and grasshoppers have been among 
the most destructive pests of crops and there is hardly any stretch of land free 
from them. In general it is difficult to separate locusts from grasshoppers 
especially when one talks about this group of insects in relation to crop 
damage. Damage by locusts, although spasmodic in both space and time, can 
completely or nearly completely destroy crops over large areas causing local 
famine and concomitant human physiological and psychological depression. 
Grasshopper species compete with humans for plant resources all over the 
world (Dempster, 1963) and hence, threatens human prosperity and survival. 
About 57% of the population of our country is engaged in agriculture 
one way or the other. Therefore, the problem of locusts and grasshoppers 
though seems meager nowadays, can assiune a detrimental situation in near 
future as in the present study the hidden "Locust in making" behaviour was first 
observed by Rizvi(1985). The increasing population of these grasshoppers may 
explode anytime, and can bring unimaginable damages to human dwellings and 
prosperity, especially in north India. 
The locust plague has created havoc in most parts of Africa, Asia and 
Australia and has gained much more attention. The magnitude of devastations 
caused by the grasshoppers may not be as much as caused by locusts, but since 
grasshoppers are more persistent, they may be considered more detrimental 
cumulatively in terms of damage and hence require immediate attention as their 
growing population is assuming a new dimension especially in north India 
The present work was carried out to get a thorough and complete 
knowledge of whole profile including their biology, ecology, colour patterns, 
behaviour, pest status, morphometries and possible biological control of these 
two economically important species of grasshoppers. They share different 
ecological niches, sometimes found intermingling together in same niche and 
occasionally showing gregarious and migratory behaviour. Choroedocus 
illusiris is found in tall and thick grassland, while Oedaleus abruptus in small 
and thin grassland, marching in groups from one place to another. 
Choroedocus illustris, also known as "bamboo locust", was first 
reported by Hussainy (1951), as a potential pest of sugarcane at Coimbatore 
(India). It belongs to the subfamily Eyprepocnemidinae, it became a dreaded 
pest in north India mainly inflicting losses to graminaceous crops viz. Maize 
(Zea mays). Pearl millet (Pennisetum typhoideum). Sorghum (Sorghum 
vulgare), Wheat {Triticum aestivum). Sugarcane (Saccharum offcinarum), 
Paddy {Oryza saliva), some leguminous plants like Ground nut {Arachis 
hypogia) ,pulses like Caj'anus cajan.Vigna mungo.Vigna radiata and 
defoliating Bamboo {Bambusa tulda), Sal (Shorea robusta). Teak (Tectona 
grandis). Sesame (Delbergia sesso). Tobacco {Nicotiana tobaccum) etc. 
Recently its attack was also recorded on guava {Psidium gujava) nursery in 
Aligarh. 
Oedaleus abruptus belongs to the subfamily Oedipodinae. It is also a 
devastating pest of graminaceous crops in north India, inflicting damage to 
Maize (Zea mays). Sorghum (Sorghum vulgare). Pearl millet (Pennisetum 
typhoideum). Wheat {Triticum aestivum). Sugarcane (Saccharum offcinarum), 
Paddy {Oryza sativa). While attacking these crops it shows a peculiar 
behaviour of band formation and marching from one crop field to another. 
These two acridid pests are voracious feeders and can finish any crop 
within no time when they attack gregariously in swarm lets. 
The present study is mainly based upon experiments carried out in the 
laboratory under controlled conditions. In addition to laboratory studies, 
population studies were carried out in the field to get a broad picture of the 
seasonal variations. The biological part deals with life history and the 
successive stages of development under the influence of different 
environmental condition and their impact observed as behavioural changes 
including cannibalism. The various natural enemies observed during regular 
collection trips. The morphometries and chromatic changes are used as gadgets 
to evaluate the extent of impact of different environmental conditions on the 
acridids. 
The purpose of this study is to provide a pictorial profile that will allow 
plant protection personnel to formulate strategies for the control of these 
dreaded enemies of our agriculture. The species of grasshoppers under study 
often exhibit phenomenon associated with the migratory species, and therefore 
pose a direct and serious threat to crops. There are various methods of 
controlling grasshoppers but their effective use requires greater knowledge of 
the pests' life histories and their habits. Therefore, the present study attempts to 
provide a complete biological profile under different ecological factors, so that 
these may be readily available for use by workers involved in the management 
of these acridids pests. 

The order Orthoptera which includes the dreadfully destructive locusts is 
one of the largest orders of insects. The studies on the locusts and grasshoppers 
have been carried out since the early twenties. Notable contributions in the field of 
Acridology were largely related to locusts. Very few references are available on 
Choroedocus illustris and Oedaleus abruptus indicating that least attention 
especially towards the biology, eco-morphometrics and chromatic changes in 
relation to different environmental factors, was paid by acridologists to these two 
destructive pests of India. 
The locusts and grasshoppers usually follow the same life-cycle patterns, as 
demonstrated by the studies of Albrecht (1953b) in Nomadecris septemfasciata, 
Berezkhov (1956) in Acrididae of Western Siberia, Mulkem et al. (1964) in the 
biology and ecology of North Dakota grasshoppers, Anderson (1964) in various 
grasshopper species of Rukwa Valley. Jerath (1968), has made observations on the 
biology of short-homed grasshoppers from Eastern Nigeria. Phipps (1970), 
observed the biology of grasshoppers in Sierra Leone. Thomas (1980) studied the 
life-cycle of Paulinia acuminata. 
The various modes of copulation and oviposition behaviour have been studied by 
several workers prominent among them are Katiyar (1952, 1955, 1956b) in 
Eyprepocnemis roseus. Autarches punctatus, Oedaleus abruptus dindi 
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Gastrimargus transversus, Norris (1954) and Hunter-Jones (1960) in 
Schistocerca gregaria, Hafez & Ibrahim (1958) in Acrida pellucida, Pickford 
& Gillott (1972) in Melonoplus sanguinipes, and Iqbal & Aziz (1974) in 
Spathostemum prasiniferum. Uvarov (1966) gave a detailed account of the 
common mode of copulation in acridoids, the 'riding mode' in Schistocerca 
gregaria. Jhingaran (1944) recorded another mode of copulation, the'lateral 
mode' in Heteracris capensis. Katiyar (1952) recorded a third mode of 
copulation, the'hanging mode' in Parahieroglyphus bilineatus. Katiyar (1956b) 
also observed an intermediate mode of copulation between lateral and hanging 
mode in Oedaleus abruptus and Gastrimargus qfricanus. Popov (1958) 
observed that copulating females of Schistocerca gregaria continue to feed, 
crawl and jump during mating process. Pickford & Gillott (1972) in 
Melanoplus sanguinipes reported that female aggressiveness was due to the 
production of chemical attractants, which have a great influence on the 
selection of a mate. Pickford (1974) studied the reproductive behaviour of the 
clear winged grasshopper, Camnula pellucida. Gregory (1965a, 1965b) in 
Locusta migratoria and Norris (1954) in Schistocerca gregaria observed the 
presence of more than one spermatophore in each female of these species 
which indicate the necessity of repeated copulation. Hunter-Jones (1960) 
reported that the last copulation in Schistocerca gregaria is the effective one. 
Singh & Dhamdhere (1984) observed the mating behaviour in rice grasshopper 
while Riede (1987) made a comparative study of pre-mating and mating 
behaviour in 25 species of South American grasshoppers belonging to 9 
subfamilies. 
As for as oviposition is concerned various factors such as soil type, 
moisture, vegetation etc. play important role. Norris (1968) and Edwards & 
Epp (1965) observed that the females preferred to lay eggs in moist soil. In 
cases where the soil is extremely dry, females fail to oviposit at all and 
sometimes they die without egg-laying (Katiyar, 1956a). Katiyar (1955) in 
Aularches punctatus observed deposition of the eggs in sandy loam soil. Joyce 
(1952b) reported that the female of Oedaleus senegalensis prefers to lay eggs 
in wet soil. Katiyar (1960) studied the ecology of oviposition and structure of 
egg pods and eggs of acridids. Pradhan & Peswani (1961) observed egg-laying 
in Hieroglyphus nigrorepktus in the roots of various shrubs. Smith (1968) 
observed the oviposition and fertility and their relation to copulation in 
Melanopus mexicanus mexicaniis. Chandra et al. (1973) made detailed 
observations on the selection of soil type for oviposition in Locusta migratoria 
and studied the development of eggs deposited in the different soil types. The 
detailed process of oviposition has been described by Katiyar (1955, 1956a) in 
Aularches punctatus and Parahieroglyphus bilineatus, Hafez & Ibrahim (1958) 
in Acrida pellucida, Iqbal & Aziz (1974) in Spathostemum prasiniferum, Khan 
et al. (1980) in Chrotogonus trachypterus, McCaf&y & Page (1982) on 
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oviposition behaviour of the grasshopper Zonocerus variegates, Kumar & 
Matin (1983) in Acrida exaltata, Liu et al. (1984) on oviposition selectivity of 
locusts and Rahman et al. (2002) studied the developmental effect of egg pod 
foam in the desert locust. 
Norris (1950, 1952) studied the effect of crowding on the pre-
oviposition period and interval of successive egg-laying in Locusta migratoria 
migratorioides and Schistocerca gregaria respectively. Antoniou & Hunter-
Jones (1956) studied the effect of crow d^ing on the fecundity of Eyprepocnemis 
capitata. Launois (1979) studied the egg production of Oedaleus senegalensis. 
Hunter-Jones & Ward (1959) studied the incubation period, instar hoppers and 
polymorphic behaviour in Gastrimargus africanus and also provided some 
detail on the effect of crowding on the sexual maturation of females, egg -
laying rate, fecundity and viability of eggs. Baloch (1980) discussed the egg 
laying behaviour, fecundity and fertility of Ailopus thalssinus. Lautie (1979) 
observed the fecundity of the females of Locusta migratoria in the absence of 
fertile males and Chamberlain (1980) made an observation on the pod 
crowding affecting viability of eggs in Locusta and Schistocerca. Pickford 
(1976) studied the embryonic growth and hatching of eggs of Melanoplus 
bivittatus in relation to oviposition date. Richards & Waloff (1954) studied the 
arrangement of eggs in the egg-pods of Stenobothrus lineatus and Mecoseth 
grossus. Ewer (1977) studied the function of the plug of egg-pods. Moriarty 
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(1969) observed the decline of egg-laying capacity with the ageing of the 
female in Chorthippus bruneus. Fresa (1971) observed that the grasshoppers 
Dichroplus elongates, D. pratensis and D. punctatus were unable to oviposit 
and die without egg-laying due to the infection by the fungus Entomophthora 
grylli. Petty (1973) has mentioned that the hatching success is associated with 
the sand structure. 
Norris (1959,62) studied the reproduction, group activity and behaviour 
in Nomadacris septemfasciata and Schistocerca gregaria respectively. 
Srivastava (1957) observed the breeding habits of Attractomorpha crenulata. 
The variation in the size and shape of the egg-pods associated with the 
available moisture, food of the parent grasshopper, number of egg-pods laid as 
described earlier by Chapman (1961b), Norris (1950) and Hilliard (1959) 
attributed it to the soil. Khalifa (1957) recorded development of eggs with 
special reference to the incidence of diapause in the eggs of Eyprepocnemis 
plorans. Cheke, Fishpool & Ritchie (1980) have described the egg-pods of 
Oedaleus Senegalemis with special reference to various ecological factors. 
Brozowski & Kriegbaum (1997) describe the clutch and egg size in 
Chorthippus brunneus and their importance for life history. 
Bemays (1971b) provided some details about hatching process with 
reference to temperature, moisture and food for Schistocerca gregaria. 
Temperature, moisture and food have been reported to play an important role in 
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successful hatching (Dempster, 1963). Agrawal & Rizvi (1982) observed an 
early emergence due to early monsoon in the diapausing species, Hieroglyphus 
nigrorepletus. Iheagwam (1985) discussed the impact of wet- and dry- season 
on hatching time. Ingrisch (1983) described the effect of humidity on the 
hatching rate and duration of egg development. 
Resistance to desiccation among grasshoppers with reference to water 
loss on the hatchability of grasshopper eggs was studied by Salt (1952) while 
Pickford (1966b) observed the rate of mortality in extreme dry conditions. 
Hunter-Jones (1964) observed detrimental effect of high level of soil moisture, 
which may be due to restricted supply of oxygen. Chalandy & Whitman (1998) 
observed the ventilation on the eggs of the grasshopper, Romalea guttata. 
Shulov & Pener (1961, 1963) studied the incubation period in relation to 
moisture content. Shulov (1956) in Anacridium aegyptium observed the 
development of eggs extending for more than two months from normal time 
due to water deficiency. The mortality rate with extreme soil moisture level 
was recorded by Shulov & Pener (1961) and Harjai and Sikka (1970). Hunter-
Jones (1964) in Schistocerca gregaria observed that the eggs hatched neither in 
water-logged soil nor in almost dry soil. The eggs in dry sand die within two 
days but the water content of the sand in between these two extremes made no 
difference. Donaldson (1970) observed the difference between the top and the 
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bottom eggs and between the resulting hoppers and adult populations of two 
strains of Locusta migratoria migratorioides. 
The incubation period of eggs of Chrotogonus trachypterus has been 
mentioned as inversely proportional to temperature and moisture, but moisture 
affects the viability of developing eggs as noticed by Grewal and Atwal (1968). 
Church & Salt (1952) studied the normal development of Melanoplus bivittatus 
even at 12°C, while Hunter-Jones (1964) observed the reduction in hatching 
percentage at temperature extremes. Parihar and Pal (1978) attached the 
significance of temperature on the development of eggs of surface grasshopper 
and Chapman and Page (1979) observed the mortality of Zonocerus variegates 
in Southern Nigeria. Hewitt (1979) laid stress on temperature and precipitation 
in the environment and their effects on the development of rangeland 
grasshoppers. Shulov (1952b) observed higher relative humidities as 
detrimental to one day old eggs. However, Shulov (1970) has given the 
importance of humidity in the development of eggs of Nomadacris 
septemfasciata and Locusta migratoria migratotioides. Bemays (1972) has 
shown the water content of the soil to be an important factor in determining the 
size of hatchlings of Schistocerca gregaria. Uvarov (1966) and Bemays 
(1971a) made a comprehensive study on the form and activity of vermiform 
larva of Schistocerca gregaria. Papillon et al. (1980) could find hormonal 
imbalance in Schistocerca gregaria with changing temperature. El-Ibrashy et 
14 
al (1985) have made some very useful observations on metabolic effects of 
juvenile hormones in the female desert locust. The influence of rainfall on the 
diapausing eggs of Oedaleus senegalensis has been discussed by Venktesh, 
Ahluwalia and Harjai (1971). Gregg (1985) studied the effect of temperature on 
the reversal of embryonic diapause in Chortoicetes terminifera. 
Studies on the effects of different degrees of temperatures and level of 
humidities on different stages of acridoids has been worked out by many 
workers like Hamilton (1950), Grewal & Atwal (1968); Parihar (1971); Khan 
& Aziz (1973a, 1974c); Iqbal & Aziz (1973); Launois (1979); Majeed & Aziz 
(1980a, 1980b) and AH (1982). These workers have attributed temperature and 
humidity as an ecological factor responsible for the rate of development and 
hopper duration periods. Grewal & Atwal (1968) observed decrease in hopper 
duration of Chrotogonus trachypterus with the increase in temperature and 
relative humidity. Pradhan & Peswani (1961), while working with 
Hieroglyphus nigrorepletus, observed that the rearing at 32±1° C was more 
favourable than at 26±1° C. Rearing at 26±1° C has shown to take twice as 
much time as that taken normally by the hoppers to reach the adult stage, where 
as development did not proceed at 20°C and at 40°C. Similar observations were 
made by Parihar (1971); Khan & Aziz (1973a, 1974a, 1974c); Iqbal & Aziz 
(1973) and Gregg (1983) in Poekilocerus pictus, Oedaleus abruptus, 
Eyprepocnemis alacris & Spathosternum prasiniferum and Chortoicetes 
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terminifera respectively. Abou-Elela & Hilmy (1977) observed the effects of 
photoperiod and temperature on the developmental stages of Acrotylus 
insubricus. Majeed & Aziz (1979) have successfully applied the Dyar's law to 
different hopper instars o[ Gastrimargus tramversiis. 
Hafez & Ibrahim (1965b) and Chapman (1965) studied the behaviour of 
the desert grasshopper, Sphingonotus carinatus with special reference to 
humidity and temperature. Grewal & Atwal (1968) studied the effects of 
different levels of temperature and humidity on the development with special 
reference to pre-oviposition and oviposition periods in Chrotogonus 
trachypterus. Otte (1970) has given a comprehensive account on the 
communication behaviour in grasshoppers. Iqbal & Aziz (1973) recorded that 
the gonads mature earlier at 35° C and the female did not oviposit at 18°C and 
45° C in Spathosternum prasiniferum. Ahluwalia et al. (1976) observed the 
swarming behaviour of Oedaleus senegalensis. Mahto (1981) studied the effect 
of temperature and humidity on the development of Oxya hyla intricate. 
Majeed (1978) observed the impact of different ecological factors on 
Gastrimargus transversus. 
In acridids the number of nymphal instars may vary from species to 
species and even in individuals of the same species (Joyce, 1952b; Katiyar, 
1961). However, Hunter-Jones & Ward (1959) observed variation in the 
number of hopper instars in males and females of Gastrimargus africanus. 
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Albrecht & Blackith (1957) have worked on the Phase and moulting 
polymorphism in locust. Ritchie (1983) worked on the determination of the sex 
and number of instars in the nymphs of Oedaleus senegalensis. 
The distribution of grasshoppers in relation to vegetation and physical 
factors has been observed by Smith (1950); Lensink (1963); Phipps (1966,1971); 
Abushama & Elhag (1971); Iqbal & Aziz (1975) and Moonis & Aziz (1977, 
1980); Patel & Dwivedi (1997); Marta Cigliano et al. (2000). Majeed & Aziz 
(1981b) made the similar observations while working on Gastrimargus 
transversus with reference to the effect of different food plants on the 
development of hoppers and their survival. Observations made by Ratan (1978) 
on the utilization of food by Acrida exaltata are of an informative nature. 
Albrecht (1957) studied the feeding in Acrididae. Khan (1974, Ph.D thesis), on 
Oedaleus abruptus and its nutritional behaviour, and Majeed (1978, Ph.D. thesis) 
had also made some observations on the importance of food plants as an 
ecological factor in Gastrimargus transversus. Workers like Williams (1954) and 
Misra (1962) made some sporadic observations on the food patterns in 
grasshoppers. Abushama & Elhag (1971) have studied the distribution and 
selection of food plants in grasshoppers near Khartoum while Toye (1974) 
recorded the feeding and locomotary activities of Zonocerus variegates, and Aziz 
& Aziz (1985) recorded plant selection pattern in Oxya velox. Chabuike (1979) 
studied the availability of grass and food preference of Locusta migratoria 
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migatoroides. Ananthakrishnan et al (1985) have studied the behavioural 
responses in terms of feeding and reproduction in various grasshopper species. 
Bailey & Mukherji (1976) have made useful studies on the feeding habits and 
food preferences of Melanoplus bivittatus. Mulkem et al. (1969) gave a 
comprehensive account of food habits of grassland grasshoppers of North Central 
Great Plains. Bemays et al. (1974) observed the inhibitory effects of seedling 
grasses on fecundity and survival of Locusta migratoria migratorioides, 
Nomadacris septemfasciata, Chortoicetes terminifera, Melanoplus sanguinipes 
and Schistocerca americana. Misra (1962) observed that Camnula pellucida was 
able to discriminate nutritionally favourable plants from unfavourable ones. Rizvi 
& Aziz (1967) recorded the damage to vegetable and medicinal plants caused by 
Oxya velox. Ba-Angood & Khidir (1975) studied the intra species food 
preferences in Schistocerca americana, and Iqbal & Aziz (1975) used twelve 
different food plants for food preferential values of different stages of 
Spathosternum prasiniferum. Manchanda et al. (^ 1982^  discussed the growth and 
development of Schistocerca gregaria on various host plants. Parihar (1983) 
described the seasonal variation and food preference of Pyrgomorpha bispinosa 
deserti. Ronderos el al. (1981) have provided a comprehensive account on food 
selection behaviour of acridid species. Murlirangan and Murlirangan (1984, 1985) 
studied the food preferences in Poekilocerus pictus and effect of physico-chemical 
factors in the acridid feeding behaviour respectively. 
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Smith et al. (1952) and Barnes (1955) studied the survival, fecundity and 
grov^h of the grasshoppers. Iqbal & Aziz (1977), Chandra & Mittal (1983) 
and Nath & Haidar (1982) observed the effect of different food plants on the 
development and reproductive potential of Spathosternum prasiniferum. The 
findings made by Toye (1973) and Bemays & Chapman (1973) on the effect 
of food on development of acridids were also of great concern. Chandra 
(1981) studied the role of vegatation on the hopper development of desert 
locust, Schistocerca gregaria. Haniffa & Periasamy (1981) studied the effect 
of ration level on the nyphal development and food utilization in Acrotylus 
insubricus. Chandra (1985,1987) and Chandra & Chandra (1983) studied the 
feeding preferences and food selection behaviour of Schistocerca gregaria. 
Barnes (1965) studied the effects of different food plants in terms of diet 
quality and its respective bearings on the health of the grasshopper. Manchanda 
et al. (1980) observed a new phenomenon related to the effects of host plant on 
the morphometries and phase status of Schistocerca gregaria, while Roonwal 
(1982) attached a biological significance to the pigmentation in the 
grasshoppers. 
Long distance migration and swarm formation are the usual phenomena 
in locusts, whereas short distance migration and swarm formation behaviour 
are quite common in various grasshopper species. Bhatia and Ahluwalia (1962, 
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1966) and Bhatia (1969) studied the swarming behaviour of Oedaleus 
senegalensis. 
Effect of crowding on the development of grasshoppers and associated 
changes in behaviour was studied by Norris (1950, 1952) in the African 
migratory locust and desert locust, using crowded and isolated conditions but 
could not detect any difference in nymphal duration. Antiniou & Hunter-Jones 
(1956) found crowded conditions detrimental to the survival of Eyprepocnemis 
capilata especially in the first instar hoppers. Burnett (1951) studied the life-
cycle of Nomadacris septemfasciata in relation to solitary phase while Staal 
(1961), observed the development of Locusta migratoria migratotioides in 
relation to crowded conditions. Ghouri & Ahmad (1960) studied the swarming 
in Hieroglyphus nigrorepletus. Hunter-Jones &, Ward (1959) found density 
having no effect on the adult morphometries in Gastrimargus africanus. The 
density among adults of Gastrimargus africanus has no relevance with sexual 
maturation. This is in contrast to the observations made by Norris (1950, 1952) 
and Hunter-Jones (1958) in locusts. Norris (1962a), made observations on the 
density and grouping effect on sexual maturation, feeding and activity in caged 
Schistocerca gregaria. Gassier (1972), observed the influence of rearing 
conditions (Isolated and Crowded) on the fecundity of females of Locusta 
migratoria migratorioides. Papillon (1972) also studied the influence of 
crowding of adults on their fecundity and polymorphism in their progeny while 
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working on Schistocerca gregaria. Khan & Aziz (1974b) observed the effect of 
crowding on the hopper developmental periods in Oedaleus abruptus and 
Eyprepocnemis alacris under controlled conditions. Rizvi et al. (1975) 
observed the effect of crowding on the nymphal duration of Hieroglyphus 
nigrorepletus. Majeed & Aziz (1977, 1981c) observed the effect of crowding 
on the fecundity and viability of eggs and development of different stages 
under different density at constant temperature and relative humidity. Moonis 
& Aziz (1978) studied the effects of crowding on the development and 
fecundity of Trilophidia annulata. Schmidt and Albutz (1999) have provided a 
key for the identification of solitary and gregarious phase. 
Several workers made studies on the phase polymorphism and 
morphometries of locusts, notable among them Dirsh (1951, 1953); Nair 
(1953); Roonwal & Nag (1951) and Misra et al. (1952). Roonwal (1955) gave 
several measurements and ratios for characterizing phases in locusts. Key 
(1950) made a valuable critique on the phase theory of locusts. Gunn & 
Hunter-Jones (1952) described the phase differences of locusts in laboratory 
condition. Blackith (1957, 62) experimented polymorphism in some locusts 
and grasshoppers. Stower et al. (1960) also studied the morphometries in desert 
locust. Ellis (1951) studied marching behaviour of hoppers while Denis et al. 
(1976) recorded morphometrical changes in Locusta migratoria in relation to 
density. Ellis (1962) noted behavioural differences of locusts in relation to 
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phase and species. Tanaka (1982) studied the crowding effects on the migratory 
locust in Japan. Chandra (1983) observed a small concentration of Oedaleus 
senegalemis in Rajasthan desert, which is of great importance in desert locust 
populations in relation to habitats. Harjai (1983) studied the effect of 
concentration of desert locust population during recession in relation to habitats 
on the morphometries. Basit et al. (1984) reported morphometrical changes of 
significant nature while rearing Gastrimargus africanus. Bellinger & 
Pienkowski (1987) investigated developmental polymorphism in red-legged 
grasshopper in USA. Rafeeq & Rizvi (1989) and Razak & Rizvi (1989) have 
made some observations on the suspected gregariousness in Oedaleus 
senegalensis and Acrida exaltata, respectively. Elder (1996) described the 
morphometries of Austracris guttulosa. Pierozzi and Lecoq (1998) have 
produced a very nice work on the morphometries of the Rhammatocerus 
schistocercoides. 
Environmental conditions play an important role in the grasshopper 
population structures. It is correlated with food availability, ecological niche 
and changing temperature with photoperiod. Favourable ecological conditions 
are attributed to vigorous biological activities. Comprehensive work in this 
field has been done on different acridoids notably by Richards & Waloff 
(1954); Katiyar (1955, 1956b); Mac Carthy (1956); Edwards (1960); Pickford 
(I960, 1966a); Chapman (1962); Riegert & Pickford (1963); Lea (1969); Smith 
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(1969); Nakhla (1970); Pick & Lea (1970); Khan & Aziz (1973a, 1973b); 
Qayyum & Atique (1973); Descamps (1975); Majeed & Aziz (1975); Moonis 
& Aziz (1977); Haq & Aziz (1978); Duranton & Lecoq (1980); AH (1982); 
Julka et al. (1982); Sergeev & Li (1982); Agrawal & Rizvi (1982); Basit et al. 
(1983); Hazra et al. (1984); Materu (1984) and Mital & Chandra (1984). 
Khouaidjia and Fuzeau-braesch (1982) have given a comparison of the effect 
of temperature, grouping and isolation on several strains of the Locusta 
migratoria. These workers have investigated the ecological and biological 
aspects of various grasshoppers in relation to their habitats, environmental 
conditions and zoogeographical conditions. Paranjape (1985) gave special 
emphasis to behaviour analysis to feeding and breeding in Orthopteroid insects 
while Singh et al. (1985) made some field observations on the seasonal 
abundance of Atractomorpha crenulata. 
The work on the population fluctuations of locusts and grasshoppers, 
their pattern of distribution and abrupt changes due to competitive relationships 
had been done by El-Minshawy et al. (1978); Ting et al. (1978); Chapman et 
al. (1979). Mulkem (1980) and Farrow (1982) investigated population 
dynamics of Australian plague locust with reference to analysis processes; 
while in India, Parihar (1983) stressed seasonal variations in population of 
Pyrgomorpha bispinosa. Haider (1986) studied the population ecology of three 
acridids in West Bengal. Hugueny & Louveaux (1986) observed specifically 
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aridity gradient and latitudinal variations in size in populations of Calliptamus 
barbarus, while Hewitt & Onsager (1988) studied the eflfccts of sagebrush 
removal and legume interseeding on rangeland grasshopper population. A new 
approach has been adopted by Johnson & Adia (1988) in studying spatial and 
temporal computer analysis for grasshoppers in Alberta and is considered a 
new technology for rapid mapping of variables and their use in computer 
models. 
Agrawal & Rizvi (1982) observed the emergence of Hieroglyphus 
nigrorepletus just after winters in North India when the species was found 
throughout India as univoltine and only seen in monsoon season. Jago (1963) 
described the life-history oi Eyprepocnemis plorans in different seasons of the 
year. Phipps (1968) made observations on ecological distribution and life-cycle 
of some tropical African grasshoppers. Khan & Aziz (1973b) and Majeed & 
Aziz (1978) studied the seasonal variation in the population of the hoppers of 
Oedaleus abruptus and Gastrimargus transversus, respectively. Descamps 
(1975) made observations on acridid population of the state of Veracruz in 
relation to climatic conditions. 
Some good work on the life-history, life-cycle (laboratory as well as 
field conditions) for various species had been produced by Pener & Shulov 
(1960) for Calliptamus palaestinensis; Dudley (1961) for Locusts; Bhatia & 
Singh (1965) for Schistocerca gregana; Riegert (1967a) for Camnula 
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pellucida; Antoniou & Hunter-Jones (1968) for Eyprepocnemis plorans 
ornatipes; Ibrahim (1970) for Pyrgomorpha conica; Ba-Angood (1976) for 
Cyrtacanthacris tatarica; Roonwal (1976) for Hieroglyphus nigrorepletus; 
Moonis & Aziz (1977) for Trilophidia annulata; Antoniou (1978) for Humbe 
tenuicornis; Baloch (1978) fov Ailopus thalassinus; Haq & Aziz (1978, 1979) 
for Acrotylus humbertianus; Lecoq (1978) for Sudanese acridid; Duranton et 
al. (1979) for Catantops; Parihar (1979) for Pyrgomorpha; Gunnarsson (1980) 
for locusts; Ibrahim (1980) for Heteracris; Lecoq (1980) for West African 
acridids; MacFarlane & Thorsteinson (1980) for Melanoplus bivittatus; 
Onsager & Hewitt (1982) for range land grasshopper; Capinera & Sechrist 
(1984) for Colorado grasshoppers; Holmberg & Hardman (1984) for six 
species of Canadian grasshoppers; Chapman et al. (1986) for Zonocerus 
variegatus; Waloff & Pedgley (1986) for South American locust; Whitman 
(1986) for Taenipoda eques. Cherill & Begon (1989) laid special stress on the 
timing of life-cycle in a seasonal environment with reference to temperature 
dependence of embryogenesis and diapause in Chorthippus bruneus. 
In the last ten years the work on Acridoids has been carried out with 
unsequential concepts. Das et al. (2002) could record the effect of food plants 
on the growth rate and survivability oi Hieroglyphus banian of no new concept 
involved therein. Similarly Das et al. (2001) had touched fecundity and fertility 
of Oxyafuscovittata without much inference. 
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Nath and Haldar (1992) while working on food preferences have given 
satisfactory results and they have given a touch to mortality rate in Acridoid 
with environmental cues. Dealing with nutritional ecology, Waldbauer & 
Friendman (1991) have published a good work on self-selection of optimal 
diets by insects, which may be applicable to Acridoids as well. Majeed & Aziz 
(1981a) studied the food preferences in Gastrimargus transversus with special 
reference to temperature and humidity. 
Lo (1992) worked on the ectoparasitic mites of grasshoppers, Rizvi et al. 
(2000) and Badruddin et al. (2003) observed the infestation of Podapolipus 
diander and Eutrombidium trigonum on Oxya velox and Hieroglyphus 
nigrorepletus respectively. 
The phenomenon of carmibalism has been observed by Lockwood 
(1988) in rangeland grasshopper species. 
Some data on the histological location of pigments in pattern morphs of 
Chortoicetes termini/era were given by Byrne (1962). Ramme (1951b) 
diagrammatically illustrated the colour patterns of twenty-one European 
species. Fox and Verers (1960) have described the nature of colour. Key & Day 
(1954b) studied pattern variation in Chortoicele and Austroiceles, established 
twelve 'forms', while a complex combination of colour and pattern was 
proposed by E. G. Clarck (1943). The description of each form is by a formula, 
composed of symbols, which denote both the general and the detailed 
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distribution of colours. Clark's notations system was simplified by Richards & 
WalofF (1954). Okay (1954) investigated the colour change in 
Orthoptera.Nickerson (1956) described the pigmentation patterns of the 
hoppers of the desert locust, Schistocerca gregaria, in relation to phase 
colouration. A much more precise method of recording colours and patterns has 
been developed for an investigation of colour variation in hoppers of 
Schistocerca by Stower (1959), depending on the instars and the environmental 
and inherited factors. Rowell (1970) laid down the stress on colouration under 
the influence of environmental factors in Gastrimargus africanus. Stebaev 
(1986,98) have described the integumental colouration and 
morphoadaptogenesis in various species of grasshoppers. Suresh & 
Muralirangan (1995) have described the colour morphs ofAcrida exaltata in a 
very comprehensive way. 
Some sporadic reports have been published on colouration associated 
with microhabitat or as behavioural pigmentation depiction or as a cryptic 
behaviour presentation by Islam et al. (1994), Colvin and Cooter (1995), 
Eterovick et al. (1997), Islam (1998), Konno (1998), and Sword and Simpson 
(2000). Schmidt & Albutz (2002) studied the sexual maturation and yellow 
colouration in the male of adult Schistocerca gregaria but recently Badruddin 
et al. (2003) and Khan et al. (2003) have experimentally proved that the acridid 
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colouration under abiotic and biotic factors can be used as bioindicators for the 
environmental changes. 
The first report by Badruddin et al. (2003) on Choroedocus illustris 
regarding chromo-ecological studies as bio-indicators in polymorphic 
behaviour appear to be important in the field of the colour patterns of hoppers 
as initiated by Stower (1959) in desert locusts and their respective further 
studies. 
.Rizvi et al. (2003) and Khan et al. (2003) have initiated investigations 
on the biology, biological control and ethology of acridoids. Therefore, the 
present author has selected to investigate various biological, bioethological, 
eco-morphometrical and chromoecological aspects of two grasshopper species. 
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The present studies were carried out under laboratory controlled conditions 
in the Department of Zoology, A.M.U, Aligarh and the field studies were 
completed at Scindhia fort and the suburban area of Aligarh District viz Patwari ka 
nagla, Panethi, Kwarsi, Ausafpur, Kidhara, Bairamgari and Talaspur during the 
years of 2002, 2003 and 2004. 
Location: 
Aligarh District is located in the western part of Uttar Pradesh at a distance 
of about 126 km from Delhi, the capital of India. It spreads from 27°29' to 28°10' 
North latitude and 77° 29' to 78° 38' East longitude. The greatest width from west 
to east is about 116 km and the maximum length from north to south is about 72 
km. Rest spreads over 5024 sq. km, but the area slightly changed due to change of 
course of the rivers Ganges and Yamuna as the Yamuna surrounds the boundary 
of district at west while the lower Ganges present on extreme east border of 
district and upper Ganges divides the district in two halves. (Figure 1) 
29 
Climate and Weather: 
The climate in Aligarh is of subtropical type having three well-defined 
seasons, winter, summer and monsoon. Winter season starts from November 
and continues up to first fortnight of March, whereas, summer sets in May. 
Months of May and June are the hottest wherein the maximum temperature 
plummets to 48° C. The second half of December and January are usually the 
coldest period. Monsoon normally starts in the first week of July and continues 
with appreciable amount up to the first week of September. Annual rainfall of 
Aligarh district averages 315 mm of which 75-80% is received fi-om second 
half of July to first week of September. The normal maximum and minimum 
temperature, relative humidity and rainfall on average according to the 
metrological observatory of the university at Department of Physics, appended 
in figure 3, 4 and 5 for the year 2002, 2003 and 2004. 
Soil: 
The soil of the experimental fields is illitic fine sandy loam. The 
physico-chemical properties of the soil include sand-61%, silt-25%, clay-14% 
and organic matter .41%. The soil water ratio is 1:2.5 and pH 7.3 to 8.1. 
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Vegetation: 
The area under study has a sub-tropical type of vegetation consisting of 
cultivated and non cultivated plants such as Paddy {Oryza saliva). Maize {Zea 
mays). Wheat (Triticum aestivum). Pea (Pisum sativum). Gram (Cicer 
aeritinum) and vegetables like Cauliflower {Brasica oleracea Var.botrytis), 
Cabbages {Brasica olaracea var.capitata), Chilly {Capsicum frutescens), 
Brinjal {Solarium melongena). Ladies finger {Abelmoschus esculentus), besides 
grasses Imperata cylindrical (Linn.) P. Beauv. Heteropogan contotus (Linn.) P. 
Beauv. Panicum trypheron Schult. Panicum paludosum Roxb. Setaria 
verticillata (Linn.) Link, Poa annua Linn. Cynodon dactylon (Linn.) Pers., 
Saccharum spontaneum Linn, and Saccharum bengalense Retz. 
Collection and maintenance of stock: 
Mature and immature stages of Choroedocus illustris and Oedaleus 
abruptus were collected from fields of Maize, Jowar, Barley, Wheat, Sugarcane 
crops and pastures in and around Aligarh during the years 2002-2004, 
predominantly in monsoon season by using specially designed sweeping nets. 
They were reared in specially designed wooden cages (53x40x30cm.) (Fig 8). 
Three sides of the cage were made up of wood with glass panel on the front 
side. The left and right wooden panels are provided with meshed small 
windows made up of small meshed wire gauge (lOx 10 cm). The remaining side 
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has an outlet (10x10 cm) for the purpose of feeding, cleaning, placing the 
insects, watering of egg laying tubes and for the harvesting of egg - pods after 
egg laying. The central portion of floor of cages provided with wire mesh for 
proper ventilation to ascertain the maximum natural condition while sides of 
the floor made up of wood. One side of floor of cages were provided with holes 
(diameter 4.00 cm) for metallic egg laying tubes of 4.0x10.5 cm in size, filled 
with sterilized sand for egg laying. The wooden roof also has a lid of lOx 10 cm 
in size. An electric bulb was fitted in one comer on the roof to regulate the 
temperature and photoperiod as needed by changing the wattage of bulb. The 
legs of cages were placed in glass bowls filled with mixture of water, phenol 
and kerosene oil to keep the predators away. 
Each cage was provided with a few dry sticks for perching, moulting, 
basking and supporting foods (leaves of Zea mays and Cynodon dactylon. 
Humidity was maintained in the cages by placing petri dishes filled with water 
covered with zinc mesh. 
Experimental plan: 
The field-collected grasshoppers were separated in two groups; one fed 
on Zea mays while other fed on Cynodon dactylon and reared in wooden cages. 
From both wooden cages, the egg laying tubes containing freshly laid egg -
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pods were separated in two batches, one incubated on 27 ± 1°C and the other 
on 37± 1°C. The egg pods were moistened daily according to the requirement. 
The hoppers thus hatched from their respective condition were kept in 
glass jars (15x20 cm) and again separated in two batches, one kept in isolated 
condition while other in crowded condition and reared in their previous 
respective conditions and finally eight possible setups were obtained for both 
the species under study, the illustrated experimental plan is given in table no. 1. 
In isolated condition a single individual reared while in crowded condition 50 
individuals kept together in the same size of jars. In the present experimental 
set up all ecological factors taken into combination on every stage of 
development to obtain the impact on their biology and on the developmental 
rate of successive stages. 
The entire experimental work was divided into six parts viz. population 
studies in the field, biology in laboratory conditions as well as in the natural 
conditions, environmental factors, cannibalism and their natural enemies. 
Further to testify the extent of impact of different experimental conditions the 
morphometries of selected body parts were done and spectrum of colour 
changes recorded for each experimental condition. 
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(A) Population Studies: 
The nymphs and adults of Choroedocus illustris and Oedaleus abruptus 
were collected for three consecutive years (2002, 2003, and 2004). Random 
sampling and counting of hoppers and adults were made in every month of the 
year. The collection trip was arranged twice in a month on every 15* day for an 
hour in a specified infested area. A standard net was used for the collection of 
grasshoppers. The fluctuation in population was recorded in different months 
and a graph was obtained. To avoid errors in any change of population and 
behavioural change, the observation made for three consecutive years as 
different environmental factors viz. temperature, relative humidity, rainfall etc. 
play important role in the occurrence of natural insect population. In order to 
made healthy experimental stock, the mite-infested grasshoppers were sorted 
out. 
(B) Life history in laboratory conditions: 
In the plarmed experimental set up different vital processes of life 
observed intensely to obtain the whole profile of life and their relation to 
environment. 
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(C) Life cycle in the field condition: 
During regular collection trips on selected sites the changes in the 
different biological stages of Choroedocus illustris and Oedaleus abruptus 
keenly obscrvcvcd lo obtain Ihe difference between natural and experimental 
conditions 
(D) Environmental Factors 
As discussed earlier, the impact of various ecological factors like 
temperature, humidity, food plants, isolation and crowding on the biology and 
behaviour of these grasshoppers were analysed to find out the existence of any 
significant relationship between them. 
(£) Cannibalism: 
The phenomenon of cannibalism was observed in both the species under 
study in experimental as well as in natural conditions. 
(F) Natural Enemies: 
During the course of routine collection trips various natural enemies 
were noticed preying on these grasshopper species under study such as 
Earwigs, Mantids, Red-mites and insectivorous birds. It suggests that these 
natural enemies can be used as potential bio control agents. 
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Morphometries: 
Morphometrical studies on Acridoids are generally confined to locusts 
and their related groups, which are migratory in habit. In the present study 
morphometries was carried out for each stage for different experimental 
condition with help of dial Vernier caliper and results were statistically 
analysed. Thus, the results obtained were of immense value and can be 
corroborated with theory of phase formation of acridoids in general. For 
denoting different parts of body of grasshoppers the terminology used by 
Albrecht (1953) has been adopted. 
Chromo-eeology: 
Changes in the amount of pigments noticed under the influence of 
different ecological conditions as in the experimental setups. Different 
ecological conditions influence the colour of insects in general and grasshopper 
in particular. It was emphatically observed that most of the colours were 
appeared on thoracic shield and more pronounced on pronotum. These 
chromatic changes were recorded by using poster colours. The dictionary of 
colours by Maerz & Paul (1959) was used for identification and naming of 
colours. 
36 
(A) POPULATION STUDIES 
From year to year (2002-2004), the population of grasshoppers under study 
fluctuated widely between endemic and epidemic or outbreak (in 2003) densities. 
These fluctuations are often due to weather changes. The population studies of 
Choroedociis illtistris and Oedaleus abruptus, taken into account with special 
reference to seasonal variations in numerical abundance and variation in sex 
populations. Their small scale movements and band formation are of great 
alarming interest which can be co-related with swarm formation of these acridid 
species and hidden locust in making phenomenon, can lead to gregarization of the 
species. Both the species under study exhibited a mixed feeding pattern in the field 
and are most abundant on rangelands as well as on cropland also. However, both 
the species vary in density and dominance depending on the topography, soil and 
vegetation type and site management. Because of the influence of weather, 
parasites, disease, insecticide use and land management, density may change in 
time, often quite rapidly. 
Population dynamics: 
The local open savanna in Aligarh consists of various grasses of Cyperns 
rotundus Lin., Paspalum distichum Linn. Seteria glauca (L.) Beauv., Panicum 
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psilopodium Trin. and Cynodon dactylon Pers. etc. The Choroedocus illnstris and 
Oedaleus abruptus are polyphagous pests inflicting damage to our economically 
important crops in North India, throughout the year with variable magnitude. 
The Choroedocus illustris is most abundantly found in tall grasses of 
Panicum psilopodium Trin. While, Oedaleus abruptus is the inhabitant of small 
grasses of Cynodon dactylon Pers. 
An important component of grasshopper life history and their abundance is 
the seasonal cycles which determine the timing of the periods of egg hatch, 
nymphal growth, development and emergence of the adults and the deposition of 
eggs or reproduction. The occurrence of these periods varies among the species 
and is greatly influenced by weather. An early spring hastens these events and a 
late one delays them. The populations of these two species are found mixed and 
interacting in one way or other. Both these species complete two generations in a 
year with overlapping of various nymphal stages of the third generation. In this 
way their numerical presence was recorded throughout the year. The most 
populous phase was found during the peak of monsoon in the month of August 
and September coinciding with the maturity of kharif crops suggesting their wide 
range of host plants while the population at the lowest ebb in the month of 
December and January with the decreasing temperature. The records of seasonal 
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variation in the population of Choroedocus illnstris and Oedaleus abruptus during 
the years of 2002, 2003 and 2004 are shown in fig no. 6 and 7 respectively for 
Choroedocus illustris and Oedaleus abruptus, in the different months of the year. 
These data are based on fortnightly collection with all regularities. The 
meteorological data showing temperature, relative humidity and rainfall, were 
taken from Physics department of the University to co-ordinate and compare the 
relative abundance in different months of the year (Fig. 3-5). It can be related that 
increase in population is associated with the rainfall and sustained temperature, 
mostly on higher side, which facilitate the conducive condition for hatching of 
hoppers, proper development of hoppers and quick attainment of adult stage. 
It is to be noted that there was hardly any instance when the population of 
these species found zero. It might have gone to very low state but there was no 
occasion when Choroedocus illustris and Oedaleus abruptus was not found in and 
around Aligarh. 
Variation in Sex Population: 
The ratios in the sex for the years 2002, 2003 and 2004, were recorded in a 
number of samples, mainly obtained by net sweeping in specified marked area. 
The population of females always out numbered male though it oscillated in 
different instars. During the monsoon season the ratio was almost 1:1 but 
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subsequently female dominate the population in the preceding months owing to 
shorter longevity of males and eventual death due to exhaustion after copulation. 
Starting from the 1^ ' instar, finally to the mature adult, females were always 
dominant in the population in both Choroedocus illustris and Oedaleus abruptus. 
Small Scale Movements: 
During the period of summer of 2002-2004, an investigation, on the factors 
influencing movements of Choroedocus illustris and Oedaleus abruptus, was 
undertaken at different breeding sites. To investigate the small-scale movements 
of nymphal stages, various sites were marked and divided into the 4 alternative 
habitats as: 
1. Long grasses of 5-6 feet 
2. Grass between 5-6 inches 
3. Grass cut to within an inch to the ground 
4. Bare ground with an occasional tuft of long grass. 
The adults of Choroedocus illustris are inhabitant of long grasses while 
Oedaleus abruptus prefer short grasses. During monsoon season when the 
populations of these two species were quite high, they showed a marked small-
scale movement from one breeding site to another. 
40 
During collection trip it was noticed that younger stages of Choroedocm 
illustris moved from one plot to the another, may be in search of succulent and 
soft food, when they attain adult stage or likely to attain the adult stage they 
moved to their original habitat of long grasses. In case of Oedaleus abruptus, the 
small-scale movement was quite prominent in different marked plots. The 
nymphal stages of Oedaleus abruptus also prefer soft and succulent food unlike 
the Choroedocus illustris while their adults prefer short grasses instead of long 
grasses. All observations are based on visual inspections during the course of 
experimentation with a view to assess the impact of habitat on various nymphal 
stages and adults as well. These observations may be of immense value to the 
plant protection personnel for assessing the population fluctuations with reference 
to mature and immature stages. 
Marching: 
During field trips marching was occasionally observed in the hoppers of 
Oedaleus abruptus primarily in response to availability of food, radiant energy as 
of the sun and air movement, though other factors may involve in the process of 
marching. Actually marching is predominantly a locust instinct prior to their 
gregarization in solitary phase. It was observed previously in Schistocerea 
gregaria and Locusta migratoria by various workers. Some time marching has 
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been noticed quite unusually when fresh grass was present but hoppers of 
Oedalens abruptus marched from one plot to another. At that time high radiant 
heat from sun and wind movement may involve in marching. All these factors 
would amount to an increase in irritation, as distinct from irritability. Strelnikov 
(1936) suggested that an increase in irritation is the most important factor for 
marching. 
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(B) LIFE HISTORYIN THE LABORATORY CONDITIONS 
Choroedocus illustris and Oealeus abruptus were reaered in different 
experimental setups to find out the impact of different environmental factor on 
life and living of these grasshopper species. 
Adult: 
The adult of Choroedocus illustris having large body; head shorter than 
pronotum; antennae fiUiform longer than head and pronotum together; 
fastigium of vertex ovate; dorsum of pronotum flat, crossed by three transverse 
sulci, median crainae distinct; tegmina having small scattered spots; hind femur 
slender; hind tibia with sparse white black tipped spines; external apical spine 
absent; apex of male abdomen inflated. Male genitalia: supra anal plate large, 
subgenital plate conical, slightly incurved and hairy, apex truncate. Female 
genitalia: subgenital plate with posterior margin broadly rounded, setose, egg-
guide short. The body of Choroedocus illustris is found to be brown to 
yellowish brown with a lustrous shadow, pronotum dark brown, a dark brown 
yellow border band extends firom fastigium of vertex to the extremity of 
pronotum longiutudinally; tegmina yellowish with scattered small dark spots, 
not extending to hind margins; hind femora longer than abdomen; hind tibia 
and tarsi purple green. 
The adults of Oedaleus abruptus having medium size body; antennae 
filiform, longer than head and pronotum together; fastigium of vertex flat with 
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obtuse lateral carinulae; frons vertical, dorsum of pronotum tectiform with X-
shaped pattern, slightly constricted in prozona, median carina obtuse, crossed 
by posterior transverse sulcus only; metazona slightly longer than prozona; 
tegmina and wing fully developed; hind wing basally pale yellow; hind femur 
slender, hind tibia with inner pair of spurs, subequal and much longer than 
external one. Oedaleus abruptus shows variation in colouration of body and 
commonly shows colour morphism. They may be either green or brown with 
white markings or any morphological area can exhibit both colours; tegmina 
brown with three pale bands before the middle, beyond the middle sub-hyaline, 
sometimes axillary area is green; hind wing very pale greenish yellow towards 
the base with a brownish central fascia. 
Copulation: 
In Choroedocus illustris and Oedaleus abruptus, the copulation is 
usually preceded by definite courtship behaviour unlike other grasshopper 
species. With the start of courtship, they come close to each other by head-to-
head position and both sexes move their antenna briskly followed by touching 
of maxillary palps and then touches the body of each other and entire process 
lasts for an hour. On the completion of courtship, the male may abruptly jump 
over the female on the dorsal side or sometimes it was noticed that male might 
ride over female by crawling from backside. 
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The grasshoppers under study showed sexual dimorphism, i.e. the males 
were of relatively smaller size and thus were unable to reach the tip of 
abdomen of females, and therefore, might adopt different copulation postures 
according to their convenience. In both the cases, generally dorso-lateral 
posture was observed. In dorso-lateral posture initially usual 'riding' posture 
was observed; secondarily it was changed to 'dorso-lateral'. 
In case of Oedaleus abruptus, apart from normal dorse - lateral posture, 
the hanging posture and back-to-back posture were also noticed. Roughly, 
Choroedocus illustris copulates for 2 - 6 hours while Oedaleus abruptus for 
1.5-4 hours. 
There is a considerable period, from half an hour to two hours, during 
which the male is mounted but not coupled. The female continues with normal 
activities of feeding, defecating, walking, jumping, etc. and both sexes are 
extremely varied and may be scared by even to a slight disturbance. If the 
danger persists, the male readily retracts his abdomen, further, if the danger 
approaches closer, both separates explosively and moves off in different 
directions. During copulation, males appear very excited, twitching antennae 
and mouthparts continuously. 
Another point of substantial interest is that a single copulation is 
sufficient to fertilize a number of successive egg - pods (Norris, 1954) but 
sometimes (at occasions) it was noticed that the female might undergo repeated 
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copulations before each oviposition but the latest copulation was found 
effective one as far as fertilization is concerned (Hunter - Jones, 1960). This 
type of behaviour was observed very frequently in both Choroedocus illustris 
and Oedaleus abruptus. 
In case of Choroedocus illustris, very amazing unnatural phenomenon 
was observed wherein the males were found copulating with the dead females 
though the mature and healthy females were available as it is also observed in 
red locust, Nomadacris septemfasciata (Burnett, 1951). 
The copulation period, oviposition period and moulting period appended 
in table 2. 
Oviposition 
The act of copulation is followed by oviposition with a brief pre -
oviposition period of 2 - 3 days. The oviposition is associated with searching, 
locating and probing for suitable conditions for successful egg laying process. 
The mechanism involves typical acrididian patterns such as digging, making 
false holes and preferential behaviour regarding soil conditions. 
Just after the completion of pre - oviposition period, females start 
probing for suitable oviposition site in the cages where moist sand filled egg 
laying tubes were placed in the holes in one side of the cage. To testify the 
preference of soil for oviposition as it depends on the texture of soil, a brief 
experiment was carried out. The females showed much preference towards 
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mud as compared to sand and badarpur (Table 5). This observation is very 
important from soil preference point of view.In the present study only sand was 
used as it was quite easy to handle. 
Digging: 
After getting suitable oviposition site female dig a hole for actual egg 
laying, female raises its body on the first two pairs of legs and arches the 
abdomen so that it is approximately vertical. It was very keenly noticed that the 
ovipositor valves become extruded and the abdomen is pressed into the 
substrate by a series of jerks coinciding with the alternate opening and closing 
of the dorsal and ventral valves. 
The abdomen of these two grasshopper species is telescopic in nature as 
has been noticed for other species also (Hafez & Ibrahim, 1958). Such 
extension is possible because the intersegmental membranes in the females are 
folded and very much elastic than that in the males. However, when egg laying 
occurred elsewhere than in the sand, as sometimes happened, the abdomen 
extends much less. The direction of digging initially vertical, but deeper down 
the increasing compactness of soil may cause bending of the abdomen as it was 
noticed through glass egg laying tube. 
Egg laying; 
After making the hole, female retracted its abdomen slightly and the 
frothy secretion of accessory glands was emitted; this was partly absorbed by 
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the soil and it hardend to form the walls of egg pod. At the same time eggs 
were propelled by pulsating movements of the VII and VIII stemites; when an 
egg approached the exit the ovipositor valves opened widely and the egg came 
out between the ventral and the dorsal valves as the ovipositor closed, the egg 
sliped out and rotated in the bottom of the hole. Pulsating movement of the 
terminal segments were then resumed, more frothy secretion emitted and 
second egg was laid. The process continued with the contraction of abdomen 
and the walls of the holes smeared with frothy secretion. When all the eggs 
were laid, the upper portion of the hole was filled with froth forming a plug of 
the egg pod; it might be for the purpose of protection. 
Most of the time, the egg pods were found vertical or straight but 
sometimes when watering in egg laying tube was delayed or when repeated egg 
laying in the same tube, the egg pods were vertical initially and then bent 
posteriorly. The time taken for egg laying is given in table 2 for both 
Choroedocus illustris and Oedaleus abruptus at different experimental 
conditions. 
However, both of these species oviposited hypodephically but 
sometimes epidephic and epiphytic ovipositions were noticed. The reason for 
this changing behaviour may be due to supermaturation of the gonads or may 
be due to the failure in finding the suitable egg-laying sites. These eggs were 
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observed very frequently on wood surface and on wire mesh but there were no 
hatching, they were dried off. 
Egg-pod and Eggs: 
The total number of egg laying by a female primarily depends on the 
length of period during which the female continued its reproductive activities. 
Food is the most important factor that exerts influence on fecundity (Pickford, 
1958; Karelina, 1960), in the same way Choroedocus illustris and Oedaleus 
abruptus, responded to Zea mays and Cynodon dactylon (Table A). The average 
fecundity was found 293.106 when fed on Zea mays and 241.689 when fed on 
Cynodon dactylon in case of Chroedocus illustris while in case of Oedaleus 
abruptus it was 200.200 & 161.094 respectively for Zea mays and Cyodon 
dactylon. 
The difference in isolated and crowded conditions on the fecundity of 
females of Choroedocus illustris and Oedaleus abruptus showed a direct 
bearing of aggregation on egg laying behaviour. Table 3 shows the impact of 
isolated and crowded conditions on the fecundity of both species. In 
Choroedocus illustris, the average of eggs per egg pod was found to be 64.800 
± 2.652 for isolated condition and 35.966 ± 0.901 in crowded condition while 
in case of Oedaleus abruptus, it was found to be 28.166 ± 0.989 in isolated and 
25.900 ± 0.924 in crowded conditions. This clearly indicates the impact of 
isolated and crowded condition on the fecundity of both species. 
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The difference in fecundity under the influence of isolated and crowded 
conditions can be attributed with the locust type behaviour because the 
established locust species shows the same difference in isolated and crowded 
condition (Albrecht, 1959), though quantitative changes were not so striking, 
mainly because of the lesser range of suspicious phase variability in these 
species. 
The measurements of egg pods and eggs of Choroedocus illustris and 
Oedaleus ahruptus are given in table 6 and are of much interest as it shows a 
range of measurements. 
Incubation and hatching: 
After egg laying, the eggs were incubated on 27±1°C and 37±1°C. It 
was found that 37±1°C is most suitable temperature for the shortest incubation 
period. The extreme of temperature severely affected the hatching, as there was 
no hatching at 10°C & 45°C. The extremes of temperature have showed the 
tremendous ecological bearing of temperature on the hatching of young ones 
for Choroedocus illustris and Oedaleus abruptus. The detailed account of 
effect of temperature given in table 7, in which 3TC showed the highest 
hatching percentage (73.98) with the shortest incubation period (14.7 days) for 
Choroedocus illustris while in case of Oedaleus abruptus, the highest hatching 
percentage (66.07) with shortest incubation period of 17.8 days 
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The Vermiform larva: 
After a definite incubation period, the vermiform larvae emerged out 
from the eggs and it was not quite like the ordinary hopper. Its head was bent 
downwards, its antennae and legs were close to the body and the whole insect 
was enclosed in a thin transparent membrane which envelope the whole body 
like a sac, but with separate 'sleeves' for the legs, the distal part of the antennae 
and for the cerci. This provisional cuticle was sheded off after sometimes by 
wriggling movement of the abdomen. It was commonly observed that hatching 
occurred simultaneously from a number of egg pods, probably it may be the 
impact of incubating temperature and moisture. However, the emergence is the 
result of locomotory activity of the larvae, and it is natural to expect such 
activity to occur when, for example, temperature in egg laying tube reaches the 
limit at which muscular contraction is possible, and a rise in temperature or 
moisture may well act as trigger. The sheded cuticle of vermiform larvae 
shrivel into a whitish lump and the area around the exit of the egg pod in egg 
laying tube strewn with such lumps. 
The comparative accoimt of different environmental factors under 
different experimental set ups on various life processes are given in table 8-19, 
Moulting: 
Newly hatched grasshopper look like miniature adults except that they 
lack wings and the sex organs are not developed. As grasshoppers grow, they 
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periodically shed their skin (exuvae). In general, depending on the sex and the 
species, grasshoppers moult four to six times, with five moults most common, 
the period of growth is called the nymphal period. The immature grasshopper 
between moults is reffered to as an instar. The first instar occurs between 
hatching and the first moult; the second instar occurs between the first and 
second moults and so on. When the last instar moults, the grasshopper becomes 
an adult. Instars can be distinguished by the development of the wing pads, 
their development will be discussed in detail later. The moulting fi"om one 
hopper instar to the next is essentially a biological repetition. The hopper 
climbs to a twig or to a perching stick and hangs head downward utilizing the 
gravity in the process. But it was notable that impartial moulting did occur, 
when there was overcrowding in the cages. These impartial moultings 
manifests only morphological deformities without affecting the reproductive 
potential. The newly moulted adults have fully functional wings and genitals. 
Development of Hoppers: 
The rate at which nymphal development occurs is strongly influenced by 
temperature and food quality. The more favourable conditions accelerate the 
rate of development. 
The hoppers develop through consistent growth by virtue of periodic 
moults. After intermediate moult the first instar hopper is known as hatchling. 
Its colur is very pale initially and devoid of any darker pattern but gradually 
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after few minutes, it develops colouration. Initially the first instar hopper has a 
large head, which appear quite abnormal, and relatively short and compressed 
abdomen but this extends eventually, so that the hopper at the end of instar has 
a somewhat altered appearance. Its body is now larger and thicker, and the 
head no longer appears abnormally large. Similar changes in appearance of the 
hopper occur during each successive instar in both Choroedocus iUustris and 
Oedaleus abruptrus. 
The total growth of newly moulted hoppers was estimated by measuring 
the increase in the total body length for each instar in every experimental setup 
and their rate of increase at successive stages was observed. The species under 
study showed a typical acrididian pattern of growth and having five instars for 
both the sexes. 
The different environmental factors do affect the life and living of 
organisms in very significant way, taking these factors into consideration the 
experiments (rearing conditions) were setup to find out the impact of these 
environmental factors on the morphometries, colour changes and different 
behavioural changes under their respective experimental setups for their 
successive stages of development for both Choroedocus illustris and Oedaleus 
abruptus. 
The measurement of various body parts of the hoppers and adults of 
Choroedocus illustris and Oedaleus abruptus were taken and their rate of 
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increase in their successive stages in both sexes were calculated. Sixteen body 
parts were selected for measurement, as various workers in the field of 
Acridology (Albrecht, 1953) have considered these parts important for eco-
morphometrical studies. Such body parts were measured in all stages of 
biology, starting from first instar hopper up to an adult in both sexes. The mean 
ratio of increase in size during development and growth were different in 
several body parts with variable magnitude. These observations are of applied 
nature from eco-morphometrical point of view in a polymorphic acridid 
species. The measurements for selected body parts and their rate of increase in 
successive hopper stages are appended in table 29-44 for Choroedocus illustris 
and in table 70-85 for Oedaleus abmptiis for both the sexes. 
It is to be noted that mean rate of increase was highest in the length of 
elytron followed by antennal length, hind femur, pronotum length and 
maximum length of pronotum and least in the vertical diameter of eye in case 
of Choroedocus illustris while in case of Oedaleus abruptus maximum rate of 
increase was recorded in the length of elytron followed by hind femur, 
pronotum length, maximum width of head and antennal length and lowest was 
in the vertical diameter of eye irrespective of their sex and their rearing 
condition. The rate of increase instarwise upto aduh in all body parts gives an 
overall picture of changes. Graphs are plotted for each body part for their 
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successive rate of increase in different instar shows a general trend of growth in 
various stages. 
Identification of grasshopper nymphs presents greater difficulties 
because of the absence of several reliable taxonomic characters of the aduU 
stage. In nymphs, the wings are undeveloped and in the form of wing pad or 
tagmina, but by the orientation of tagmina to the attachment one can identify 
their nymphal stage. Unlike other acridid species, the Choroedocus illustris 
and Oedaleus abniptus follow the same trend of development of tegmina. In 
the first instar hopper, the lower posterior angle of the mesonotum and 
metanotum do not show any differentiation but in the second instar they 
become somewhat extended and punctured and in the subsequent instars they 
appear as rounded-triangular lobes, directed obliquely downward with distinct 
traces of longitudinal ridges, which are tracheae, later to become axillary vein. 
The most striking change used to occur in the reversal of alar rudiment, 
in which both pairs of rudiments turn on their axis so that the outer surface 
becomes the inner and the inner surface becomes the outer. The reversal of alar 
rudiment takes place in the fourth instar in both species, rudiments are lateral 
up to third instar. The reversal of rudiment takes place at the time of moulting 
when it is changing fi-om third instar to fourth instar. The development of alar 
rudiments and their orientation illustrated in figure 45 & 46 and in table 20 for 
both the species respectively for Choroedocus illustris and Oedaleus abrptus. 
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The genitals are also undeveloped and not generalized but by the 
development of terminal abdominal segments, the successive hopper instars 
can be distinguished without any difficulty, which is important for 
experimental work. Both the species under study showed a similar pattern as 
far as development of terminal abdominal segments are concerned. The 
changes that occur during the development of terminal abdominal segments are 
shown in figure 47 & 48 for Choroedocus illustris and figure 49 & 50 for 
Oedaleus abruptus for both the sexes respectively. 
In first instar, male of Chroedocus illustris and Oedaleus abruptus the 
sub genital plate was semi circularly excised at apex with short obtuse lobes 
covering only base of paraprocts. Subgenital plate narrowed at apex, which has 
shallow excision in Oedaleus abruptus while, in case of Chroedocus illustris it 
was slightly deep and reached to middle of paraprocts in second instar hopper 
and became parabolic at apex in third instar reaching beyond middle of 
paraprocts in Oedaleus abruptus but in Chroedocus illustris excision was 
slightly deeper. Terminal abdominal plate in fourth instar was narrowly 
parabolic reaching almost to apex of paraproctes. In Chroedocus illustris, it 
was elongate-parabolic, much longer than paraprocts, pointed at apex but in 
Oedaleus abruptus, it was relatively shorter in fifth instar hoppers. 
Finally in the adults, the aedeadus is formed which is main intromittent 
organ consisting of a pair of basal and apical valves, it is slightly flexured in 
56 
both the species under study. During the course of copulation, it is inserted 
between the ventral ovipositor valves of the female into vagina. 
In the first instar female, upper ovipositor valves were short, triangular, 
subacute, separated by a broader excision. Lower ovipositer valves in the form 
of a transverse fold present at the bases of upper valves. In the second instar 
hopper, the ovipositor valves became slightly longer, the upper valves acute, 
separated by a deep and acute excison in both the species under study. In the 
third instar hopper the upper ovipositor valves became broader, separated by a 
broader excision .The upper ovipositor valves were narrower, separated by a 
narrower excision at the middle line and upper valves shorter than paraprocts 
while, in the fifth instar,both upper and lower valves became longer than 
paraprocts and finally in adults it became sclerotized. 
In adults of Oedaleus abruptus, the posterior margin of subgenital plate 
entirely setose while, in case of Chroedocus illustris setae were confined to 
posterior lateral margin only and it was concave in both the species. Ovipositor 
consists of dorsal, ventral and mesial valves. Dorsal valves were basally 
articulated with lateral apodeme in both the species under study. 
Application of Dyar's Law: 
The Dyar's law was first applied in lepidopterous larvae. This law can 
also be applied in case of acridids where successive formation of instars is a 
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progressive development. The width of head was measured in the successive 
instars in both sexes for every experimental setup separately. 
The development of head follows a geometrical progression in 
successive instars. The every experimental setup depicted a definite pattern of 
development according to their rearing condition. In different experimental 
setups, the average rate of increase in each instar was recorded and found to be 
distinct for both male and female. The results obtained by the application of 
Dyar's law given in table 21-24 and fig. 27 & 28 for Choroedocus illustris and 
table 25-28 and fig. 43 & 44 for Oedaleus abruptus. The calculated head width 
is found close to observed head width. The resuhs obtained are enough to 
determine the instars and possibility of missing any ecdysis in the life cycle. 
Through the pattern of figures, it can be easily accomplished that development 
of head strictly follows Dyar's law with slightest diversion in both the species. 
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(C) LIFE CYCLE IN THE FIELD 
Field studies were carried out in Aligarh and its sub urban areas during 
the years of 2002-2004 on the seasonal abundance and life cycle pattern for 
both the species under study. 
There were two complete generations of Choroedocus illustris in a year 
and it was found throughout the years except extremes of temperatures. Mating 
occurred from the last of June to the end of September. Egg laying for first 
generation used to occur during June and those of second generation in 
September-October. The eggs, which were laid previously, hatched by the 
month of July - August due to prevailing conducive condition and attained the 
adult stage in two months. The mating of these adults was observed during the 
month of September-October followed by oviposition. The adults of second 
generation and eggs overwintered and the adults died off due to ageing and 
existing low temperature. The development of eggs also delayed due to low 
temperature, the hatching took place in last week of January and in the month 
of February with winter shower and increase in temperature, and completed 
their development by the month of May-June. 
Oedaleus abniptus is also a bivoltine species, follows a typical 
acrididian pattern. The hopper of first generation appeared in May - July, the 
adults were found copulating from June- July followed by egg laying and thus, 
hatching took place after a few weeks and they attained the adult stage by the 
59 
end of September or early October. These newly emerged adults copulated and 
egg laying took place for second generation. The adults of first generation died 
off by ageing and prevailing extreme cold of the region in the winter. The eggs 
remained dormant during winter, hatched when they got favourable condition 
by the end of February, and became adult by the month of May. 
Hence, both Choroedocus illustris and Oedaleus abruptus are bivohine 
in the field and follow the more or less same pattern with overwintering egg 
stage, which can be correlated with the temporary diapause. 
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(D) ENVIRONMENTAL FACTORS 
(i) Temperature and Humidity: 
The effect of temperature and humidity on different vital processes and 
development of hopper must be taken together, because it is extremely difficult 
in experimental work to separate these two factors. On one hand, the relative 
humidity of the air varies with changing temperature, and on the other, hopper 
metabolism is possibly more affected by the water content of food than by 
humidity of air, both of which may influence the quantity of food and, 
therefore, the rate of growth. 
In the present study, the impact of variation in temperature along with 
other factors on various aspects of the life of acridoids was noticed. The 
humidity was kept constant at 70%. 
(a) Effect of Temperature on Egg: 
Table 7 deals with the results pertaining to the effect of two 
temperatures at constant humidity (70±5%) on the incubation period and 
development of eggs. The extremes of temperature were also tested as 10°C 
and 45°C; there was no hatching at these extremes. The most suitable 
temperatures, which gave the successful results, were 27° and 37°C. The 
percentage of hatching has also been affected by temperature. 
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(b) Effect of Temperature on Fertility: 
The fertility is referred as the number of eggs hatched. As discussed 
earlier the temperature is the most important factor, which predominantly 
affects the successful hatching. The hatching percentages at two different 
temperature variables have shown in table 7. 
(c) Effect of temperature on hopper development: 
Temperature has a marked influence on the development of hoppers. 
Rate of development increased at higher temperatures with least hopper 
duration and at lower temperature rise in hopper duration and slow rate of 
development observed for both Choroedocus illustris and Oedaleus abruptus 
as it is evident from the table 16-19. 
(d) Effect of temperature on locomotory behaviour: 
The locomotory behaviour of hoppers of Choroedocus illustris and 
Oedaleus abruptus were tested for different temperatures. Among all tested 
temperatures, 37°C was found most promising, showed the maximum activity. 
When the temperature was raised to more than 45°C, it eventually caused the 
death of grasshoppers. 
(e) Effect of temperature on morphometries: 
The two variables of temperature showed difference on the 
measurements of body parts along with other factors; it will be discussed in 
detail with morphometries. 
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(f) Effect of temperature on the colouration of integument: 
The changes in the colouration under the influence of two different 
temperatures gave impetus to the thought of 'locust in making' because, both 
Choroedocus illustris and Oedaleus abruptus responded to variables of 
temperature m the same way similar to locusts. Their changing pattern of 
colour will be discussed in detail with chromo-ecology. 
(g) Effect soil on the oviposition: 
In the present study the females of Choroedocus illustris and Oedaleus 
abruptus were allowed to lay egg in three Xy^t of soil - water logged, 
completely dried and moist soils. As for as type of soil type is concern, the 
females of both the species under study always preferred sand over mud and 
coarse sand (Table 5). 
(h) Effect of soil moisture on egg development: 
The works of various earlier acridologist have proved a definite relation 
between water (soil moisture) and development of egg. The eggs of 
Anacardium aegyptium normally develops in about thirty days but the 
incubation period may be extended for more than two months by water 
deficiency (Shulov, 1956). The species under study exhibited the same result, 
when there was delay in watering of egg laying tube the incubation period 
extended accordingly and when there was no watering there was no hatching at 
all. 
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(ii) Food: 
The both the species under study fastidiously select their food. By 
lowering their antennae to the leaf surface and drumming (tapping) it with their 
maxillary and labial palps, grasshoppers taste a potential food plant. Gustatory 
sensilla located on the tips of these organs are stimulated by attractant and 
repellent properties of plant chemicals, allowing grasshopper to choose a 
favourable host plant and reject an unfavourable one. A grasshopper may take 
an additional taste by biting into the leaf before it begins to feed freely. 
Grasshoppers may even have choices among the leaves of a single host plant. 
They prefer young green leaves to old yellowing ones. The experimental work 
with Choroedocus illiistris and Oedaleus abruptus clearly showed the direct 
bearing of food on the development of hoppers, length of hopper duration, 
morphometry and other vital processes of life. 
The works of earlier acridologists have proved a defmite correlation 
between food and the life processes of acridids. Initially the grasshoppers were 
fed on variety of food plants of different families viz., Eugenia jambolana 
(Jamun), Oryza sativa (Paddy), Pennisetum typhodeum (Pearl millet), Psidium 
gujava (Guava), Sorghum vulgare (Sorghum), Triticum aestivum (Wheat), Zea 
mays (Maize), Cynodon dactylon (Dog grass) and Saccharum officinarum 
(Sugar cane), but the final experiments were set on the most preferred food Zea 
mays and Cynodon dactylon of graminae, to give the experiments smooth and 
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steady run. Kozhanchikov (1950) gave the top position to the graminae as food 
plant among all plant families he tested as far as faster and complete life cycle 
is concerned. The amount eaten depends on the attractiveness, palatability and 
nutritional value of plant (Fraenkel, 1959). Thus, hoppers of Choroedocus 
illustris and Oedaleus abruptus reared on Zea mays and Cynodon dactylon had 
faster development and less mortality. Therefore, all experimental conditions 
were set up accordingly and only these two food plants were taken into 
account. 
(a) Effect of food plants on the development: 
The most preferred food plants - Zea mays and Cynodon dactylon 
clearly exhibited the impact on different vital processes and development. 
Table 2 clearly showing the marked difference of Cynodon dactylon and Zea 
mays on copulation period, egg-laying period and mouhing period in both the 
species under study. The difference of hopper development period on two 
different foods can be obtained by comparing table 16-19 for both males and 
females of Choroedocus illustris and Oedaleus abruptus. The minimum 
hopper duration was recorded for Zea mays while maximum for Cynodon 
dactylon. 
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(b) Effect of food plants on the survivability and growth of nymphal 
stages: 
The survival percentage or sur/ivability of nymphal stages and growth 
of Choroedocus illustris and Oedaleus abruptus is illustrated in table 16-19, 
which show the maximum survival percentage when fed on Zea mays and less 
on Cynodon dactylon. The growth index was calculated by taking percent 
hopper reaching aduh stage (survival percentage) as 'n' and the average 
developmental period as 'p', the n/p ratio refers to growth index which was 
found always higher for Zea mays and less for Cynodon dactylon in both the 
species for both the sexes. 
(c) Effect of food plants on the longevity of adult: 
The pre-ovipositon period, oviposition period, post oviposition period 
and longevity of adults of Choroedocus illustris and Oedaleus abruptus, were 
studied with respect to the effect of different food plants. The results are given 
in table 9-11. 
As discussed earlier, here too Zea mays left behind Cynodon dactylon as 
far as the impact of nutrient on various vital processes is concerned, when the 
male individuals of Choroedocus illustris and Oedaleus abruptus fed on Zea 
mays took less time for attaining maturity. Females also showed less pre 
oviposition period and oviposition period and maximum longevity when fed on 
Zea mays as compared to Cynodon dactylon. 
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(d) Effect of food plants on fecundity: 
The fecundity of Choroedocus illustris hitherto unknown with special 
reference to different food plants. In the present study the effect of different 
food plants on fecundity was found out for both Choroedocus illustris and 
Oedaleus abruptus (Table 3). 
(iii) Effect of Isolation and Crowding: 
As discussed earlier the Choroedocus illustris and Oedaleus abruptus 
were reared in isolated and crowded condition at different variable temperature 
and food. During the course of rearing in isolated and crowded condition it 
was found that they used to exhibit a typical solitarious and gregarious pattern 
up to some extent and showed marked difference for both isolated and crowded 
condition on different aspects of life including morphometries and general 
body colouration. 
(a) Adult Activity: 
In crowded condition the aduhs of Choroedocus illustris and Oedaleus 
abruptus of both sexes exhibited hyperactivity while at low density they were 
slightly sluggish than in crowded condition. General activity of crowded 
Choroedocus illustris and Oedaleus abruptus adults in cages was greater than 
that of the isolated ones, particularly during pre-maturation period. 
During observations it was found that in crowded condition the 
individuals of both species were voracious more than in isolated condition. 
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(b) Reproductive potential: 
The previous work of many renowned acridologists have proved the 
higher reproductive potential for solitareous phase and less for gregarious 
phase of locusts (Albrecht, Verdier & Blackith, 1959). In the present study 
both species followed the same trend exhibited by locusts as they produced 
more eggs in isolated condition than in crowded condition. 
(c) Effect on isolated and crowded condition on the pre-oviposition 
and post-oviposition period: 
Table 9-11 show the effect of isolated and crowded condition on pre-
oviposition period and post-oviposition periods at two different temperatures. 
The difference in varied parameters gave a clue that these two species are 
tending towards behavioural changes when subjected to isolated and crowded 
condition. The slight deviations are of much importance and are indicative of 
hidden tendency of gregariousness at times in these two species. 
(d) Effect on isolated and crowded condition on the adult longevity: 
As per Sir Boris Uvarov (1966), the longevity of locust reared in 
crowded condition was found to be more than that of the locust reared in 
isolated condition. Here Choroedocus illustris and Oedeleus abruptus not 
followed the locust trend. The maximum longevity was noticed for isolated 
condition and minimum for crowded condition for both the species, except for 
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only one occasion in Choroedocus illustris (female) when kept in isolated and 
crowded condition at 27°C and fed on Cynodon dactylon. 
(e) Effect on isolated and crowded condition on survival percentage 
and hopper duration: 
In this set of experiment, both the species exhibited considerable 
resemblance with the behaviour of locust in crowding condition. However, 
Choroedocus illustris was found to be more reactive in the crowded condition 
as compared to Oedaleus abruptus. Survival percentage and hopper duration 
was found maximum in isolated condition than in crowded condition. 
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(E) CANNIBALISM 
During the course of biology the phenomenon of cannibalism was 
observed in both the species under study. Oedaleus abruptus showed a greater 
magnitude of cannibalism than Choroedocus illustris. Inspite of availability of 
fresh food in the rearing cages the phenomenon of cannibalism used to occur 
more commonly in various experimental conditions. 
Among sexes the females and among instars the fifth instar hoppers 
exhibited a maximum potential as far as the cannibalism is concerned. 
With the start of cannibalism the strong and healthy individuals located 
and selected the relatively weak individuals and held them from the cranial 
region with the help of fore and middle legs, and chopped off the head and 
proceeded fiirther and left out few portion of wings. 
The rate of cannibalism enhanced by space and temperature even with 
sufficient food supplies. Cannibalistic activity was greater in crowded conditions 
under high temperature. Starvation also influenced the cannibalistic activity 
considerably. 
Scavenging: 
Apart from cannibalism the phenomenon of scavenging was commonly 
observed in Chroedocus illustris. In spite of sufficient food availability the 
individuals of Choroedocus illustris fed on cadavers. The behaviour of 
cannibalism and scavenging was dominant in the females as compared to males. 
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(F) NATURAL ENEMIES 
The control of grasshoppers and locusts has traditionally relied upon 
synthetic insecticides and for emergency situations this is unlikely to change. 
However, a growing awareness of the environmental issues associated with 
acridids control as well as the high costs of emergency control is expanding the 
demand for biological control. In particular preventive integrated control 
strategies with early interventions will reduce the financial and environmental 
costs associated with large-scale plague treatments. 
Although there is no systematic work on the use of bio-control agents 
against Choroedocus illustris and Oedaleus abruptus available, in the present 
study a preliminary observation carried out. Predators and parasite of 
grasshoppers are numerous and at times play important role in maintaining 
grasshopper populations at low densities. During the course of routine 
collection trips it was observed that various natural enemies of these 
grasshoppers included earwigs, insectivorous birds, mantids and red mites 
predating and parasitising Choroedocus illustris and Oedaleus abruptus which 
revealed that these natural enemies can be used as potential bio control agents. 
The earwigs were found predating on eggs while various insectivorous 
birds was found predating on grasshoppers under study includes Acridothris 
tristis, Bubulcus ibis and Upapa epops etc. Generally these birds preferred 
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younger stages of grasshoppers. Among these insectivorous birds Acridotheres 
tristis showed the maximum potential as far as the consumption is concerned. 
The field collected grasshoppers were having infestation of various 
mites especially Eutrombidium trigonum and Podapolipus spp. These mites 
were found to attach at the base of wings, at the wing veins legs, intersegmental 
membrane and at the terminal portion of the genitals. These mites suck the 
haemolymph from the body and nibbles different body parts especially the 
genitals make the individuals incapable to copulate, and hence there will be no 
fertilization that means there will be no new progeny. 
Morphometries 
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Morphometries are the measurements of morphological changes, during the 
life of an insect. Uvarov (1921) proposed the phase theory for Locusta migratoria 
migratoria (L), in which he distinguished phase gregaria from phase solitaria by 
using certain morphometrical indices. Zoiotarevsky (1930) in his work on Locusta 
migratoria capito used the same measurements earlier used by Uvarov but 
reversed the ratios. Subsequently, Maxwell-Darling (1934) in his work on 
Schistocerca gregaria introduced few more ratios for phase determination. Finally 
there are a number of ratios which are internationally accepted for phase 
determination in locusts and their allied groups. In the present study, apart from 
using internationally accepted ratios few supplementary ratios are introduced to 
find out the hidden locust phase in these acridid species and found statistically 
significant. 
Morphometrical studies on acridids are generally confined to locusts and 
their related groups, which are migratory in habit. Generally, there are ten species 
of grasshoppers, which have shown permanent innate characteristics of being 
locust, shows polymorphism and are migratory in nature but there are some non-
migratory acridoids, which occasionally show polymorphism when they 
get conducive environment. Most of the morphological differences 
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between polymorphic adults are quantitative and can best be appreciated by the 
application of exact measurements and statistical analysis. The present study 
deals with such studies to testify the hidden 'locust in making' behaviour 
propounded by Rizvi (1985) of two non migratory acridids namely 
Choroedocus illustris Walker and Oedaleus abruptus Thunnberg when they get 
favourable conditions. These species show occasional temporary phase of 
aggregational instinct. 
Measurements: 
There are certain ecological requirements for a solitary grasshopper, 
which force them to become locust. Therefore, the morphometries of hoppers 
was carried out on certain body parts for each experimental set up to obtain the 
rate of increase in various instars (Fig. 53). Linear measurements of various 
body parts of male and female grasshoppers were made separately with the 
help of Dial Vernier calliper. For denoting the different parts of the body of 
grasshopper the terminology used by Albrecht (1953) has been adopted. All 
measurements were made on 30 males and 30 females for each condition. 
1-Length of Body (B): 
The length of body measured as distance from apex to ovipositor in 
female and in males up to the last abdominal segment. The abdomen is 
telescopic and its length is affected during measurement owing to the reason 
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that the body length is usually not favoured in phase studies, but the difference 
between means of measurements under crowded and isolated conditions, most 
of the time came out to be significant except for few occasions. This suggests 
that body length is an acceptable measurement. 
2- Maximum width of head(C): 
Measured as the greatest width of the head in the genal region. In the 
course of the present work this measurement was taken by applying the arms of 
caliper from the front and kept exactly parallel to the largest diameter of the 
head, passing over the genae backwards and forwards, the screw being slowly 
adjusted, and the reading was taken when the arms just failed to pass. 
3-Minimum width of pronotum (Mp): 
The minimum distance between the surfaces of the lateral pronotal 
lobes. 
4-Maximum width of pronotum (Mx): 
The greatest distance between the surfaces of the lateral pronotal lobes 
in the metazona. 
5-Length of pronotum (P): 
The distance from the anterior end to the posterior end of the pronotum, 
measured along the medial pronotal carina. 
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6-Hight of pronotum (H): 
Measured as the vertical distance between the lowest point of lateral 
pronotal lobe and the level of the highest point on the median pronotal carina 
between the second and third sulci. 
7- Width of vertex between eyes (V): 
The shortest distance between the compound eyes at vertex. 
8-Perpendicular distance (D): 
From tip of the vertex to minimum distance of eye. 
9-Length of fore femur (AF): 
Measured along the external surface of the femur, directed forwards, 
from the junction between the trochanter and the femur to the distal end of the 
later. 
10-Length of mid femur (MF): 
Measured along the anterior surface of the femur, from the surface 
between the trochanter and femur to the apex of the later. 
11- Length of hind femur (F): 
Measured along the external surface, as the maximum length from base 
to the apex. 
12- Length of hind tibia (Ti): 
Measured from attachment to femur to tarsal attachment. 
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13- Length of elytron (E): 
Measured from the branching of the costal and subcostal veins to the 
apex of elytron. 
14-Vertircal diameter of eye (O): 
The maximum diameter of eye. 
15- Horizontal diameter of eye (Oh): 
The minimum diameter of eye. 
16-Length of antenna (A): 
The distance from the basal segment up to the terminal segment. 
The measurements of body parts are given in table 29-44 for 
Choroedocus illustris and in table 70-85 for Oedaleus abruptus. Under the 
stress of different of environmental conditions the difference measurements 
were more pronounced in adults, and therefore, the measurements of adults and 
therefore, taken for further statistical analysis. 
When the standard errors of means of the 16 body parts measurements 
in adults were examined it was foimd in all cases that these are small compared 
with their respective means. Hence, the mean values can be used as reliable 
estimates of the phase indices. Further when all these measurements were 
statistically analyzed, it was found that all of them follow specific pattern of 
growth and development for different experimental conditions. 
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Quantitative difference between measurements of the crowded and 
isolated condition on two different foods and temperatures has been analysed 
for each character by calculating the difference between the two means and by 
assessing its significance for Choroedocus illustris (table 49-56) and for 
Oedaleus abruptus (table 90-97). Except for few places most of the 
measurements showed significance. During statistical analysis it was found 
that these grasshopper species followed the locust pattern at few places that can 
be correlated with the exhibition of hidden locust in making instinct. 
Although the significance of the difference is very high in all cases, 
these indices alone cannot be used for practical determination of the 
morphological phase as in locusts, but some of them may be useful for 
comparing and analyzing populations. 
Ratios: 
Since direct measurement have been found inadequate for the 
determination of hidden 'locust in making' behaviour by the simple statistical 
methods, it is necessary to resort to ratios between two suitable measurements. 
A number of ratios have been tested and most promising were those 
between two measurements, which vary in opposite directions according to the 
rearing condition and their hidden phase, but in the same direction of both 
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sexes. Such differences in ratios are likely to show the hidden instinct of 
'locust in making' more clearly. 
Table 57-60 and table 98-101 deal with means, standard errors and 
standard deviation of ratios of crowded and isolated adults at their respective 
rearing condition for both the sexes in Choroedocus illustris and Oedaleus 
abruptus respectively. 
The difference of means of ratios between the crowded and isolated 
adults of the same experimental setup (table 62-65 for Choroedocus illustris 
and table 103-106 for Oedaleus abruptus) was found to be significant and at 
few places it was highly significant for both the sexes. 
The differences of ratios between two sexes of similar rearing condition 
taken, it was again found highly significant statistically except in a few 
occasions (Table 66-68 for Choroedocus illustris and table 107-110 for 
Oedaleus abruptus). 
The difference of means in crowded and isolated males and the 
difference between crowded and isolated females was statistically analysed, 
nearly in all cases it was highly significant except E/Ti that was found non-
significant in only a few places. 
Although all ratios were found statistically significant F/C and E/F were 
found quite promising as it is evident from the present analysis. The standard 
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value for both these ratios for solitary, transiens and gregarious phases are 
given below: 
Standard Morphometrical Ratios: 
Solitary 
F/C 
3.75 or above 
E/F 
2.05 or below 
Transiens 3.16-3.74 2.06-2.15 
Gregarious 3.15 or below 2.16 or above 
Dirsh (1951) evaluated the percentage of morphological gregarization 
by dividing the difference between standard values for gregarious and solitary 
phase by 100. Similarly F/C and E/F ratios in present study were subjected to 
this calculation for both species and showed amazing similarity with 
established locust species as was suspected for their hidden locust in making 
instinct. The percentage of gregarization is given in table 61 & 102, 
respectively for Choredocus illustris and Oedaleus abruptus in their respective 
rearing condition. 
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Between these two ratios F/C was found quite promising as compared to 
E/F. Between these two species Choroedocus illustris comes very close to 
locusts and between sexes the males are more prone to gregarization as 
compared to females. 
Chromo ecology 
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Visible colours of insects are due to the structure of the integument or the 
pigments present in it. Structural colours of insects are mostly metallic or lustrous 
in appearance and these are very rare among acridoidea except few American 
grasshoppers. Though locusts and grasshoppers do not show the spectra of colour 
as in butterfly and other insects, under the influence of different environmental 
factors they show a definite colouration and their pattern up to certain extent. 
Earlier works of acridologist have given a detailed account of colouration in 
different established locust species and few grasshopper species. The hoppers of 
the Desert Locust, Schistocerca gregaria (Forskal), exhibit a wide and 
intergrading range of colour patterns, particular type of which have been 
considered to be related to the phases. 
In the present study, a brief account of changing colouration and their 
pattern have been studied out to give the support to the theory of 'locust in 
making' and to find out the existence of any relationship between morphometries 
and colouration which is more pronounced in locusts. 
The range of colours in acridoids as a whole is less extensive than, for 
example in butterflies or beetles, and as a group they appear rather uniformly 
coloured in shades of brown (fi*om pale-straw to black), gray, green, red, blue 
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or yellow appear normally on hind wings and often on hind legs, but seldom on 
other parts. 
Completely uniform coloration, however, is not a general rule, and 
disruptive patterns composed either of different colours or of contrasting 
shades of the same colour are common. 
As discussed earlier, the colouration and their patterns in insects are due 
to pigments present in the integument. Melanins, carotenoilds, pterins, and 
flavins are the most prominent pigments in grasshopper integument. The 
concentrations of these pigments determine the intensity of colouration in 
response to various extrinsic and intrinsic stimuli. 
The correct identification of colour and their naming is a big problem 
from the very beginning. In a first attempt to record the complex combinations 
of colour and pattern composed of symbols proposed by E.J. Clark (1943) 
which was quite difficult to use because, to denote a particular colour there was 
a formula. The Clark's notation system of colours was simplified by O.W. 
Richards and Waloff (1954) by using colour symbols of letters of the 
corresponding Latin adjectives e.g., white-a; green-v etc., and for markings on 
different parts of body various symbols of letters used viz., for coarse spotting 
or banding, in; time spotting etc. were used to describe the colouration of a 
particular part of body. Both these systems appear logical but are not of 
general use. A simple and much more precise method for describing colour 
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and pattern in insect witii special reference to locust and grasshoppers has been 
developed by Slower (1959) for the hoppers of Schistocerca gregaria. The 
essential components of total colouration are the ground colour and the dark 
pattern. The hopper of Schistocerca exhibits a varied range of colour from 
green to dark reddish brown in response to different environmental factors. 
The colour of specific region of body was determined by comparison with 
plates in the Munsell Book of Color (1929-1942), 
In the present study, the impacts of different environmental conditions 
on general body colouration of Choroedocus illustris and Oedaleus abruptus 
have been observed. Though most of the body parts responded to different 
environmental factors in chromic linguistic, it was emphatically observed that 
the colours appeared in cranial and prothoracic region were more pronounced 
owing to the reason that these body parts were taken into account and changes 
in dorsal and lateral views were observed. In the present study the Stower's 
patterns of colour description was followed, the Choroedocus illustris and 
Oedaleus abruptus also responded to environmental factors in the same way of 
established locusts species as changing colouration clearly defines the phase 
present within. The hoppers of Choroedocus illustris and Oedaleus abruptus 
exhibited a varied spectrum of colours for different experimental conditions but 
the colouration of only adults was taken into account. Although the colours 
described in the present study are not exact as present in the grasshopper, these 
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are quite sufficient for comparison in different experimental setups. The name 
of colours was determined by using the dictionary of colour by Maerz and Paul, 
1950. 
Description of colour: 
In the present study, the colours and their patterns in the selected body 
regions for their respective experimental condition are described. As discussed 
earlier the colours are more stable in the aduUs owing to the reason that these 
were taken for the final description. The colours were described in dorsal and 
ventral view of head, pronotum and eyes as ground colour, streaks and dots 
present in both sexes of Choroedocus illustris and Oedaleus abruptus (Fig. 73-
76 for Choroedocus illustris and Fig. 77-80 for Oedaleus abruptus). 
In response to various ecological conditions as in the experimental set 
up the changing colour-morphism was observed keenly and recorded in line 
diagram of head and thoracic region by ucing poster colours. An extra 
precaution was taken for exact identification and for making the combination 
of colours. The description of colour for Choroedocus illustris is given in table 
111-114 and for Oedaleus abruptus in table 115-118. 
Discussion 
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The adults of Choroedocus illustris are inhabitant of long and dense grasses 
and at present, considered pest of sugarcane and related graminacious crops. 
Apart from these crops Choroedocus illustris also inflicts bamboo, cotton, 
groundnut, gram, moms etc. Hussainy (1951) first noticed it, as a pest of 
sugarcane at Coimbatore. Roffey (1979) reported the species feeding and 
destroying banana, castor, chilly and different vegetables crops in Thailand. Their 
wide range of damage to economically important crops can be attributed as a 
potential pest. They remain solitary but sometimes become gregarious and are 
able to make swarmlets for short distance migration. 
The adults of Oedaleus abruptus infest the short grasses and small 
cultivation fields. It attacks mostly graminacious crops and nursery plantation of 
forest seedlings. Adults and final instar nymphs were found congregating and band 
formation was observed for small scale movements as in locusts. The present 
study revealed a big range of cereal crops and vegetables have been damaged 
severely by this dreaded pest. 
The present study has covered biological, ecological, ethological aspects 
and their pest status, which were hitherto unknown. 
The population study of Choroedocus illustris and Oedaleus abruptus deals 
with the numerical counting of all stages through random catches and 
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their small-scale movements with special reference to seasonal variations. The 
most important factors which determine their abundance in habitat are firstly 
the receipt of retention of water in the soil in which female used to lay eggs are 
laid and secondly the ability of the environment to provide suitable food, 
shelter and sunlight. Seasonal variations in the population of Choroedocus 
illustris and Oedaleus abruptus were recorded throughout the year except in 
low temperature of winters with least reproductive activities. Apart from 
natural calamities the fluctuation in population can also be affected by the 
presence of predators such as birds, rodents, mites etc. The occurrence of peak 
population densities of the Chroedocus illustris and Oedaleus abruptus in 
different years varied due to change in the sowing time of crops and prevailing 
environmental conditions and cropping duration. The grasshoppers in the 
present study followed the same pattern established by Joyce (1952) in 
grasshopper of Sudan and Richard & Waloff (1954) in British grasshopper. 
The author is in same contention and agreement with Richards & Waloff 
(1954), as far as parameters used in the study of population dynamics of these 
two acridid species is concerned. 
The distribution of deadly acridids under study may also be correlated 
with the food plants of the area where they occur. Studies revealed that both 
Choroedocus illustris and Oedaleus abruptus are able to maintain large 
population during monsoon season when vegetation is profuse. The works of 
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Andersen & Wright (1952), Iqbal & Aziz (1975) and Chandra (1982) support 
the correlation between distributions of Acridids pest and the food. Early 
stages of Choroedocus illustris and Oedaleus abruptus generally prefer soft 
succulent grasses and their advanced stages invade field crop. It may be 
attribute of different type of nutritional preferences in food plants at different 
stage of life. This has got support from Basit (1990) and Baduruddin (2004) 
for Gastrimargus africanus and in Acrida exaltata and Phaleaoba infiimata; it 
has been concluded with the same contention. 
The different biological processes of life follow a typical acrididian 
pattern and in the present study all biological processes clearly showed the 
impact of different environmental and biological factors on their living. The 
finding in the present study is of immense interest to science. The mechanism 
of copulation in both the species has been preceded by definite courtship 
behaviour. The copulation period varies in every experimental setup and 
clearly depicts the difference of their rearing condition. However, the data 
obtained on the time spent in copulation are extremely variable for different 
experimental setups and even in the same rearing condition. The short duration 
of copulation related to incomplete attempts at copulation while very long ones 
to cases of copulation commencing late in the day and continuing overnight 
when temperature were comparatively low. It was 327.8 mmutes at isolated 
condition and 311.0 minutes at crowded condition for Choroedocus illustris 
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while, it was 143.8 minutes at isolated condition and 141.2 minutes at crowded 
condition. The data obtained can be attributed to the gregarization of the 
species. The work of Jhingran (1944) on Choroedocus, Popov (1958) on 
Schistocerca. Hafez and Ibrahim (1958) on Acrida pellucida, Gregory (1961) 
in Locusta migratoria migratoroides, Basit (1990) in Gastrimargus africanus 
and Badruddin (2004) on Acrida exaltata and Phlaeoba infumata support the 
present findings. 
The act of oviposition involved probing for suitable egg laying site, 
digging, making false holes and showing preference to soil texture. The 
average egg laying period lasts for 220.4 minutes in isolated condition while in 
crowded condition it is 210.5 minutes in Choroedocus illustris and in Oedaleus 
abruptus it is 155.6 minutes in isolated condition and 159.4 minutes in crowded 
condition. Similar observations were also made by Iqbal & Aziz (1974) and 
Amatobi (1985) in Eyprepocnemis alacris and Oedaleus senegalensis. 
The number of eggs laid at one time and number of egg laying by per 
female determine the length of egg pod. However, the egg pods laid earlier are 
comparatively longer than that of laid later. In Choroedocus illustris the 
average number of egg pods laid by per female was found to be 5.30 ±0.218 at 
isolated condition while 4.400 ± 2.44 at crowded condition and it was 4.60 ± 
0.210 in isolated condition while, 3.80 ± 0.200 in crowded condition in case of 
Oedaleus abruptus. Albrecht, Verdier & Blackwith (1959), Norris (1950) in 
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Locusta, Majeed (1978) in Gastrimargus africanus Albrecht (1959) in 
Nomadacris, Basit (1990) in Gastrimargus transversus have made the 
observation with same contention. The impact of crowding on fecundity is an 
attribute of locust type behaviour in occasionally gregarious species. 
The variation of fecundity on two different foods can be related to 
nutrients present in the provided food as fecundity was high for Zea mays and 
produced fewer eggs when fed on Cynodon dactylon follow the same trend 
earlier established by Smith & Northcott (1951) and Pickford (1958) for 
Melanopus sangunipes. Though quantitative changes were not so striking, 
mainly because of the lesser range of suspicious phase variability in these 
species but they showed a marked difference as far as the impact of different 
environmental conditions is concerned. 
The incubation period in acridids is affected by the temperature, 
moisture and food significantly and plays an important role cumulatively on the 
development of an egg for successful hatching. The variation in incubation 
period can be correlated with development of eggs/day as temperature affected 
the incubation period dominantly and showed maximum hatching percentage 
73.98 and 66.07 at 37 °C and minimum hatching percentage 61.16 and 58.00 at 
27 "C for both Choroedocus illustris and Oedaleus abruptus respectively. The 
author is in the same contention and agreement with Berrays (1971) m 
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Schistocerca, Basit (1990) in Gastrimargus qfricanus and Badruddin (2004) in 
Acrida exaltata and Phalaeoba infumata. 
The impact of different environmental factors on the life and living is 
widely known to everyone and in the present study Choroedocus illustris and 
Oedaleus abruptus have not made any exception and followed the same trend 
accordingly. The findings of Acknoor (1988) in effects of soil moisttire and 
temperature on hatching weight and survival in Locusta migratoria 
migratorioides is of significance. The finding of Amatobi (1996) in the egg 
development and nymphal emergence of Kraussana angulifera in relation to 
rainfall has been supportive to the ecological behaviour. Gapparov and 
Latchinisky (2000) regarding consequences of ecosystem on acridid diversity 
and abundance support the present observation. 
The Choroedocus illustris and Oedaleus abruptus do not show diapause 
at any stage of life cycle in the laboratory. It is possible to obtain 4 -5 
generations in a year but in the field condition two complete generation and 
one overlapping generation were observed. This variation in number of 
generation can be attributed to the impact of different environmental conditions 
on life, as in the laboratory the conditions are most conducive while the adverse 
condition of field especially in extreme of winter when temperature is quite low 
and short photo period impair the life and forces the delay. The least activity 
observed during winters, the eggs of second generation remained dormant 
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throughout low temperature of winters for 2-3 month and hatching took place 
after winter shower when temperature increased. The development of eggs in 
winters slows down due to hindrance of low temperature. The dormancy of 
eggs during this period may be co-related with the diapause. The egg diapause 
in Oedaleus senegalensis has been recorded by Gehrken (1996). Diop (1993, 
95) observed the impact of photoperiod on egg diapause. Similar observations 
were made by Hodek (2003) in acridids on the role of water and moisture in 
diapause. The present author could not find diapause in any stage of life in the 
laboratory but in the field it was observed for both the species. The present 
observation reveals that diapause may occur in the result of various ecological 
factors. 
Dyar's law (1890) has been successftilly applied to hopper instars of 
Choroedocus illustris and Oedaleus abruptus as applied by Badruddin (2004) 
in Acrida exaltata and Phlaeoba infumata. Majeed (1978) applied the law in 
Gastrimargus transversus but the number of observations were not convincing. 
The analysis of the data clearly reveals more or less geometrical progression of 
development that can be correlated with a steady rate of development of 
successive instars. 
The development of hoppers of Choroedocus illustris and Oedaleus 
abruptus is of immense scientific interest. Variation in the number of hopper 
instars, from 4-6 in males and 6-7 in females, have been reported by many 
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workers for different acridid species, but in the present study the number of 
hopper instars for both the species remains constant, being five, irrespective of 
sex in all different experimental setups. The variation in hopper instars can be 
associated with the impact of quality and quantity of food, temperature, 
humidity etc. combinely. Badruddin (2004) has reported similar biological 
profile of Acrida exaltata and Phlaeoba infumata. The number of hopper 
instars and their variation between species has been tabulated in table 75 as a 
ready reference in Uvarov (1966) Vol. 1, pp. 286. Recently, Rizvi et al. (2003) 
have reported the impact of isolated and crowded condition on number of instar 
in Acrida exaltata. 
The different environmental factors viz., temperature, humidity, food, 
isolation and crowding affect the life in every possible way, their impact on 
biology, morphometries and changing colours were noticed in different 
experimental setups separately. In the present study the impact of temperature 
and humidity observed in combination and 37±rC and 70% R.H. was found 
most conducive and showed the maximum growth and development, but at 
27±1 "C, it shows slightly slow rate of development, as it is evidenced from the 
data. The variation in the rate of development can be correlated with the 
maximum physiological activity at 37°C makes the development faster. The 
impact of temperature on the incubation period can be interpreted in the same 
way as the high temperature (37±1°C) accelerate the development of eggs. 
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makes the short incubation period, while low temperature causes delay in the 
developmental process of embryo and subsequently longer incubation period. 
Similar observations were made by Chlandy (1998) in Ronalea guttata on the 
effect of temperature and relative humidity on the egg development, Basit 
(1990) in Gastrimargus africams, Iqbal & Aziz (1973) in Spathostermm 
prasiniferum. A convincing contention made by Montealegre et al. (1998) in 
relation to effect of different environmental factors, is in agreement with the 
present author. 
The two different foods (Zea Mays & Cynadon dactylon) have been 
found affecting not only the fecundity of females, hopper duration and 
development but also the body colour. The variation in colours showed an 
association with the nutritional value of food provided to them and their impact 
on the different vital processes of life. Observations made by Suresh (1996) 
and Badruddin (2004) in Acrida exaltata, Susantha (1993) in different Indian 
grasshoppers support the present findings. 
The combination no.l & 2 (Table 1) was found most conducive, which 
forces the species to become gregarious that leads to voracious feeding. As the 
same condition used to prevail in the studied region in most part of the year, 
preventive measures should be taken in tune to a^oid the dreaded consequences 
of the species under study. 
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Unlike other environmental factors, population density is one of the 
most important factors that contribute to phase polymorphism in a very 
significant way. A visible effect of crowding and isolation on adults of 
Choroedocus illustris and Oedaleus abruptus with non-swarming history was 
noticed in laboratory as well as in the field. Their impact has been discussed 
earlier with respect to biology. The impact of isolation and crowding along 
with other environmental factors on morphometries and colour changes have 
been observed in different experimental setup and gives a clear idea about 
hidden locust in making instinct. 
The morphometries is the most important aspect of the present study in 
relation to suspected gregarious behaviour under the influence of different 
environmental factors. The isolated and crowded condition along with 
differential temperature and food in experimental setup affect the development 
of body, sixteen body parts were found significant on statistical analysis in both 
'Locust in making' species of Choroedocus illustris and Oedaleus abruptus. 
Although the development of all the body parts followed the same trend as in 
locusts, the development of elytron, hind femur and cranium was found much 
significant in both the species irrespective of sexes. Similar observations were 
recorded by Stower, Davies and Jones (1960) in Schistocerca. The variation in 
morphometries in different conditions is clearly evident from data and can be 
interpreted by the impact of different environmental factors and author is in 
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agreement with Staal (1961) as far as the impact of environmental factors on 
development is concern. 
When these statistically significant measurements were subjected to 
eight selected ratios, most ratios were found promising as far as exhibition of 
hidden phase is concerned. However, all ratios were highly significant, but F/C 
and E/F were found much close to gregariousness as found in locusts. When 
the value of these ratios for different experimental conditions compared with 
the standard value, these ratios showed a brilliant proximity to locusts. 
Further, these values of E/F and F/C were calculated to obtain the 
percentage of gregarization and found amazing similarity with established 
locusts species as suspected by the author. Dirsh (1953), Deng (1996), Tatsuta 
et al. (2000), Schmidt (2001), Khan et al. (2002), Colombo (2003), Badruddin 
(2004) have concluded with the same contention and agreement. The value 
obtained for percentage of gregarization suggests that apart from high 
temperature, density and food, there might be some other factors also, which 
influenced the gregarization of the species as the value for percentage of 
gregarization was found high against the rule of phase polymorphism for 
isolated condition or at low temperatiire at few instances. 
Along with morphometrical studies, the change in colouration under the 
stress of different environmental factors were found highly significant and the 
author is in full agreement with Guerrucci & Voisin (1988), Eterovick et al 
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(1997), Islam (1998), Konno (1998), Sobola (1990), Sword & Simpson (2000), 
Badruddin et al. (2003) and Khan et al (2003) while experimentally working 
on chromo-ecology of polymorphic acridid species. 
The grasshoppers under study showed a varied range of colouration 
under the stress of various intrinsic and extrinsic factors. The colouration in 
integument is reversible as in the locusts; it used to change from one pattern to 
another when their rearing condition was changed. In the present study the 
impact of different ecological factors on colouration especially the temperature 
and food can be interpreted by the change in the concentration of pigments 
present in the integument as these pigments effectively change their 
concentration in response to various intrinsic and extrinsic factors. Goodwin 
(1982a) observed the same in Schistocerca. 
The darker pattern which appears at high temperature when fed on Zea 
mays or Cynodon dactylon and crowded condition can be inferred with the 
locust type behaviour and show a kind of adaptation towards gregarizational 
instinct as these darker colouration absorb more solar radiation which 
ultimately increased the rate of metabolism and thus, the energy produced is 
utilized in the migration. 
The different ecological factors viz., temperature, humidity and 
crowding induced the glands to produce pigments and the food provided serves 
as the raw material for the synthesis of pigments. Hence, all these factors 
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together provided the most conducive environment for the exhibition of colours 
of integument. 
During the course of study various organisms showed an association as 
their natural enemies viz. Mites, Earwigs, Birds etc., which was previously 
studied by various workers. Prominent observations were made by Rizvi et al. 
(2001), Badruddin et al. (2003) on mite Erythracarus and Eutrombidium 
trigonum respectively. Iravanlou and co-workers (2002), found various mite 
species of family Erythraeidae infesting different grasshopper species. 
The cannibalistic behaviour have earlier reported by Lockwood (1988) 
in various species of rangeland grasshoppers, and Neil (1994) have reported the 
scavenging and carmibalistic behaviour among acridids. 
It may be concluded from the present study that different environmental 
factors viz., temperature, humidity and food in conjunction with isolation and 
crowding influence the population fluctuation, biology, morphometries and 
colour patterns of Choroedocus illnstris and Oedeleus abruptus. The data 
obtained clearly showed a tilt towards gregariousness of the species, which 
could lead to the exhibition of hidden locust instinct. 
Summary 
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The present study deals with population studies, biology, morphometries 
and colour patterns in relation to different environmental factors in Choroedocus 
illustris and Oedaleus abruptus. 
The Choroedocus illustris is a devastating pest of graminaceous crops in 
North India, found in tall grasses. It can easily be distinguished by large body size 
and metallic brown colouration; a dark brown longitudinal stripe extending from 
fastigium of the vertex to the hind margin of pronotum; hind tibia and tarsi 
purplish blue. It is widely distributed in India, Pakistan, Thailand, Indonesia, 
Malaysia, Nepal and Sri Lanka. Adults and nymphs were found congregating in 
different crop fields and showed short distance migration. 
The Oedaleus abruptus, inhabitant of short grasses, is also a dreaded pest 
and assuming a major threat to graminaceous crops in North India. It can easily be 
distinguished by medium sized body; greenish with brown or white markings; a 
small 'X' mark on the pronotum; fastigium of vertex concave; scutellum of the 
vertex long, narrow, sub triangular and pointed; and greenish yellow wing base 
with brownish fascia. It is widely distributed in India (West Bengal, Andhra 
Pradesh; Goa, Bihar, Himachal Pradesh, Jammu and Kashmir, Kerala, 
Madhya Pradesh, Orissa, Rajasthan, Tamil Nadu and Uttar Pradesh), 
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Pakistan, Bangladesh, Myanmar, China, Indonesia, Nepal, Sri Lanka and 
Thailand. 
The population size of both the species under study has been estimated 
with special reference to seasonal variation. The population of both species 
observed maximum during July-October associated with maximum vegetative 
growth during that period with the onset of monsoon and peak of reproductive 
activity was noticed for both species. The hoppers and adult of both species 
were found in abundance where grasses of Cynodon dactylon, Andropogon 
adoratus, Cyperous rotundus, Steria glauca and Paspalum distichum were 
dominating the vegetation. 
The small-scale movements of all stages of grasshopper were extremely 
influenced by day temperature, relative humidity, air speed, intensity of light 
and human activity and after sunset they hide themselves imder thick 
vegetation. 
The experiments in the laboratory were set up taking different 
environmental factors (viz., temperature, food, isolation and crowding) into 
consideration to find out the impact on biology, morphometries and colour 
patterns. Maximum eight possible combination of these factors were obtained 
and they affected the entire life of species under study in a very effective way 
as expected and the data obtained found promising which follow a typical 
locust pattern as far as morphometries and colour pattern are concerned. The 
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species understudy exhibited their hidden locust instinct in a very effective way 
when they were subjected to different experimental conditions. 
The field collected grasshopper species of Choroedocus illustris and 
Oedaleus abruptus sorted in to two groups, placed in the cages and fed on Zea 
mays and Cynodon dactylon. Observations begin with the copulation followed 
by oviposition that is of typical acrididian pattern. Oviposition period vary in 
both the species under the influence of two different foods, it was 226.1±16.28 
minutes when fed on Cynodon dactylon and 218±17.26 minutes on Zea mays in 
case of Choroedocus illustris while in case of Oedaleus abruptus it was 
161.2±12.57 when fed on Cynodon dactylon and 161.9±12.58 when fed in Zea 
Mays. 
The average fecundity of females of the Chorocedous illustris and 
Oedaleus abruptus is affected by isolated and crowded condition as well as by 
food. 
The impact of temperature on the incubation period for successful 
hatching was noticed. At 37±rC, incubation period was shortest while at 
27±1°C, the incubation period increased slightly. Diapause does not occur at 
any stage of life cycle in the laboratory and therefore, they breed throughout 
the year and 4-5 generations were obtained in the laboratory. 
The different experimental conditions showed a variable magnitude, 
between foods; Zea mays was more preferred over Cynodon dactylon; between 
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temperature, 37±rC was found most preferred and isolated rearing condition 
over crowded condition as for as faster development is concerned. The 
development of hoppers followed a typical acrididian pattern, having 
constantly five hopper instars in both sexes. The duration of life cycle was 
largely influenced by environmental factor as in the experimental setup; the 
crowded condition always took less time than isolated condition. Between 
sexes the males attained maturity early as compared to the females, 
Dyar's law has been successfully applied to the successive hopper 
instars of Choroedocus illustris and Oedaleus abruptiis and found that 
development of head width strictly followed the Dyar's law with slightest 
diversion. The application of Dyar's law in the present study is an addition to 
acridological knowledge. 
The imperative aspects of the present study are the morphometrical 
analysis and chromatic profile in relation to different ecological factors. These 
factors affected the life of species under study in a very significant way. The 
measurements obtained for different experimental conditions were found 
promismg on statistical treatment, when statistically significant measurements 
were subjected to different ratios on locust pattern they showed similarity with 
different phases of locust. Among ratios E/F and F/C were found exactly as in 
locusts and F/C was found quite close to gregarious and transiens phase of 
locusts in both the species. 
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The colour patterns of body also followed the same pattern as in the 
morphometries in response to various ecological factors. Though entire body 
exhibited a wide range of colouration but their patterns were more pronounced 
in head and thoracic region i.e., only these two regions were taken into 
consideration. The colours present in the integument were found highly 
susceptible to changing environmental condition under different experimental 
setups. These changing colour patterns were observed and recorded in line 
diagram of head and thoracic region. Dictionary of Colours by Maerz and Paul 
(1950) was used for identification, coding and naming of colours. The colours 
found in the aduhs of Choroedocus illustris and Oedaleus abruptus are of 
immense scientific interest, these colours patterns were found to be reversible 
when they were subjected to changing environmental conditions as in the 
locusts. 
It can be concluded from the present study that both the species undc 
study have a definite hidden locust instinct, which may lead to gregarization of 
species and truly locust in making species when they get conducive condition 
and can create havoc to any area of cultivation. 
* * « « * 
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Table: 49. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocm illustris 
at STil'C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum widtli of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
"o 
E 
^ 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.153 
0.001 
-0.007 
0.005 
0.024 
-0.005 
-0.014 
0.001 
0.014 
0.023 
0.029 
0.050 
0.082 
-0.022 
0.000 
-0.035 
Crowded 
t 
4.911 
0.288 
-1.007 
0.672 
3.579 
-1.044 
-6.283 
0.192 
2.626 
2.410 
1.568 
3.927 
2.812 
-^.665 
0.000 
-1.917 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0000 
0.7752 
0.3222 
0.5068 
0.0012 
0.3050 
0.0000 
0.8493 
0.0136 
0.0225 
0.1275 
0.0005 
0.0087 
0.0000 
1.0000 
0.0651 
Table: 50. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at 37±l"C fed on Zea mays, 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
1 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
£ 
0 
Oh 
A 
Difference 
-0.103 
-0.006 
-0.039 
-0.013 
-0.004 
0.001 
0.045 
-0.020 
-0.005 
-0.015 
-0.043 
-0.061 
-0.060 
0.001 
0.003 
-0.031 
Crowded 
t 
-0.931 
-0.802 
-2.775 
-1.218 
-0.292 
0.068 
10.019 
-5.841 
-0.547 
-1.388 
-2.322 
-2.736 
-1.703 
0.178 
1.607 
-1.512 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.3597 
0.4292 
0.0096 
0.2328 
0.7724 
0.9455 
0.0000 
0.0000 
0.5887 
0.1756 
0.0274 
0.0105 
0.0993 
0.8595 
0.1188 
0.1413 
Table: 51. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at Z1±\^C fed on Cynodon dactylon. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
S " 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
-0.037 
-0.002 
0.005 
-0.023 
-0.015 
0.009 
0.001 
0.001 
-0.021 
-0.005 
0.085 
0.019 
-0.026 
0.007 
-0.000 
-0.114 
Crowded -
t 
-1.162 
-0.364 
0.803 
-4.271 
-1.881 
1.573 
0.392 
0.317 
-2.931 
-0.810 
3.021 
0.901 
0.595 
1.385 
-0.000 
-7.243 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.254 
0.718 
0.429 
0.030 
0.070 
0.126 
0.698 
0.754 
0.006 
0.424 
0.005 
0.375 
0.556 
0.177 
1.000 
0.000 
Table: 52. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illmtris 
at 37±l"C fed on Cynodon dactylon, 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of bind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
1 
E -
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
-0.188 
-0.044 
-0.075 
-0.125 
-0.120 
-0.130 
-0.006 
-0.013 
-0.058 
-O.055 
-0.188 
-0.085 
-0.384 
-0.021 
-0.003 
-0.025 
Crowded -
t 
-6.150 
-8.686 
-11.733 
-18.778 
-15.861 
-14.534 
-2.901 
-4.938 
-7.211 
-4.021 
-8.340 
-3.910 
-18.13 
-2.462 
-0.769 
-1.094 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.007 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.019 
0.448 
0.283 
Table: 53. Difference between means of body part measurements of 
crowded and isolated adults of Choroedocm illustris at 
27±l"C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
i E 
V3 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.183 
0.004 
-0.012 
-0.011 
-0.006 
0.003 
0.011 
-0.003 
-0.029 
0.000 
0.009 
-0.072 
0.064 
0.008 
0.007 
0.071 
Crowded • 
t 
-3.807 
0.862 
-1.884 
-1.567 
-0.664 
0.328 
3.612 
-0.638 
-4.190 
0.000 
0.452 
-5.239 
1.973 
0.994 
2.428 
5.491 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0007 
0.3956 
0.0695 
0.1279 
0.5115 
0.745 
0.0011 
0.5284 
0.0002 
1.000 
0.654 
0.000 
0.0580 
0.3281 
0.0261 
0.000 
Table: 54. Difference between means of body part measurements of 
crowded and isolated adults of Choroedocus illustris at 
27±l"C fed on Zea mays. 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
-0.213 
-0.015 
0.001 
-0.035 
-0.054 
-0.058 
-0.023 
0.024 
-0.034 
-0.042 
-0.079 
-0.080 
-0.162 
-0.025 
-0.025 
-O.002 
Crowded • 
t 
-3.897 
-3.525 
0.1647 
-7.098 
-6.006 
-6.855 
-5.229 
5.015 
-3.630 
-4.247 
-2.834 
-3.322 
-5.421 
-6.382 
-12.042 
-0.276 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0005 
0.0014 
0.8703 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0011 
0.0002 
0.0083 
0.0024 
0.0000 
0.0000 
0.0000 
0.784 
Table: 55. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus illustris 
at 27±l"C fed on Cynodon dactylon. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of bind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
1 
S • 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
-0.089 
-0.006 
-0.013 
0.010 
0.025 
0.069 
-0.000 
-0.019 
-0.008 
-0.006 
0.098 
0.166 
0.162 
-0.015 
0.000 
0.054 
Crowded 
t 
1.929 
-1.411 
-2.282 
1.517 
4.014 
12.462 
-0.000 
-9.008 
-0.979 
-0.881 
4.451 
10.080 
6.699 
-3.594 
0.000 
3.206 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0634 
0.1687 
0.0300 
0.1400 
0.0004 
0.0000 
1.0000 
0.0000 
0.3356 
0.3854 
0.0001 
0.0000 
0.0000 
0.0012 
1.0000 
0.0033 
Table: 56. Difference between means of body part measurements 
of crowded and isolated adults of Choroedocus Ulustris 
at 27±l"C fed on Cynodon dactylon. 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
•© 
ja 
S • 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
-0.089 
0.009 
0.006 
0.044 
0.012 
-0.017 
-O.OOl 
0.015 
0.004 
-0.036 
0.004 
-0.113 
-0.062 
0.017 
-0.015 
0.100 
Crowded • 
t 
-2.187 
2.238 
0.828 
5.047 
2.415 
^.957 
-0.234 
5.642 
0.7414 
-5.782 
0.214 
-5.649 
-1.578 
4.263 
^.228 
7.662 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.0369 
0.0331 
0.4146 
0.0000 
0.0222 
0.0000 
0.8165 
0.0000 
0.4644 
0.0000 
0.8318 
0.0000 
0.1252 
0.0002 
0.0002 
0.0000 
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Table: 61. Percentage of gregarization in Choroedocm illustris at 
different rearing conditions. 
Rearing condition 
Ratios F/C 
6 
Ratios E/F 
Crowded/ Zea mays /37°C 19 
Isolated/ Zea mays /37°C 28 
Crowded/Cy«o</o«/37**C 45 
lsolated/Cy«oc/ow/37°C 77 
17 
12 
Crowded/ Zea mays I2TC 29 
Isolated/ Zea mays 12TC 70 
Crowded/Cv/7oJo/7/27°C 34 
Isolated/CynorfoM/27''C 32 
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Table: 90. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abruptus at 
37±l"C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of bind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
Vi 
•© 
E 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.026 
-0.003 
0.008 
0.021 
-0.006 
-0.016 
0.005 
0.003 
0.011 
0.012 
0.065 
0.069 
0.006 
0.010 
0.007 
-0.005 
Crowded • 
t 
1.591 
-1.00 
1.896 
4.509 
-4.038 
-5.303 
2.236 
1.086 
3.084 
5.174 
7.778 
4.842 
-0.319 
5.385 
3.751 
-0.708 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.122 
0.325 
0.068 
0.000 
0.000 
0.000 
0.033 
0.286 
0.004 
0.000 
0.000 
0.000 
0.751 
0.000 
0.000 
0.484 
Table: 91. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abruptus at 
37±l"C fed on Zea mays. 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of bind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
s 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
0.040 
0.011 
0.021 
0.037 
0.011 
0.008 
0.012 
0.006 
-0.000 
0.007 
0.010 
0.038 
-0.006 
-0.020 
0.012 
0.005 
Crowded 
t 
1.620 
2.859 
4.372 
8.412 
3.171 
2.931 
6.000 
3.168 
-0.000 
2.173 
0.867 
2.479 
-0.299 
8.515 
6.000 
0.803 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.116 
0.008 
0.000 
0.000 
0.003 
0.006 
0.000 
0.003 
1.000 
0.038 
0.393 
0.019 
0.767 
0.000 
0.000 
0.429 
Table: 92. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abruptus at 
37±l"C fed on Cynodon dactylon. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
jg 
A 
i E 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.020 
-0.012 
0.015 
-0.007 
0.008 
0.015 
-0.005 
-0.005 
-0.013 
-0.013 
-0.031 
-0.131 
-0.064 
0.000 
0.001 
0.000 
Crowded -
t 
-0.751 
-3.333 
3.284 
-3.174 
1.145 
3.000 
-3.339 
-4.014 
-1.668 
-2.414 
-2.032 
-8.367 
-1.774 
-
1.795 
-
-Isolated 
d.f 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.459 
0.002 
0.003 
0.003 
0.262 
0.005 
0.002 
0.000 
0.106 
0.022 
0.051 
0.000 
0.086 
-
0.083 
-
Table: 93. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abruptus at 
37±1°C fed on Cynodon dactylon. 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
1 
e 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.027 
-0.006 
0.012 
-0.022 
-0.007 
-0.000 
-0.005 
0.000 
-0.021 
-0.004 
-0.020 
-0.066 
0.009 
-0.009 
-0.009 
-0.004 
Crowded -
t 
-0.648 
-0.1273 
-3.425 
-4.556 
-1.366 
-0.000 
-2.921 
0.000 
-3.633 
-2.693 
-2.676 
-4.817 
0.561 
-1.820 
^.642 
-1.379 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.522 
0.213 
0.000 
0.000 
0.182 
1.000 
-0.006 
1.000 
0.001 
0.011 
0.121 
0.000 
0.572 
0.079 
0.000 
0.178 
Table: 94. Difference between means of body part measurements of 
crowded and isolated adults of Oedaleus abruptus at 
27±l"C fed on Zea mays. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum widtti of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
S^ 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.096 
-0.002 
0.010 
0.000 
0.009 
-0.004 
0.018 
0.003 
-0.016 
-0.008 
0.004 
-0.002 
0.138 
0.007 
-0.002 
-0.014 
Crowded • 
t 
3.688 
-0.648 
2.128 
0.000 
1.795 
-0.848 
6.924 
1.361 
-2.834 
-1.187 
0.265 
-0.267 
3.879 
3.751 
-1.179 
-1.613 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.000 
0.521 
0.041 
1.000 
0.083 
0.402 
0.000 
0.184 
0.008 
0.244 
0.792 
0.790 
0.000 
0.000 
0.083 
0.117 
Table: 95. Difference between means of body part measurements of 
crowded and isolated adults of Oedaleus abruptus at 
21±\^C fed on Zea mays. 
(30 replicates) 
Females 
Indices 
Length ofbody 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
"3 
s -
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
0.055 
0.019 
-0.005 
0.009 
0.002 
-0.005 
0.005 
-0.010 
-0.027 
0.009 
0.008 
0.006 
0.072 
0.007 
-0.002 
0.016 
Crowded • 
t 
1.703 
3.432 
-0.708 
1.820 
0.311 
-0.563 
2.921 
-4.013 
-4.506 
1.820 
0.292 
0.555 
-2.238 
3.751 
-1.795 
1.165 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.099 
0.001 
0.484 
0.079 
0.057 
0.577 
0.006 
0.000 
0.000 
0.079 
0.772 
0.583 
0.065 
0.000 
0.083 
0.253 
Table: 96. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abrupim at 
27±l"C fed on Cynodon dactylon. 
(30 replicates) 
Males 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
1 
E • 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
0 
Oh 
A 
Difference 
-0.038 
0.001 
0.019 
-0.012 
0.014 
0.003 
-0.020 
-0.010 
.014 
-0.012 
-0.076 
-0.054 
-0.028 
-0.018 
-0.022 
0.005 
Crowded 
t 
-2.574 
0.306 
3.789 
-2.382 
-2.173 
0.417 
-6.952 
-4.551 
2.121 
-2.523 
-5.609 
-7.992 
-1.059 
-6.595 
-8.061 
0.568 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.015 
0.761 
0.000 
0.023 
0.038 
0.679 
0.000 
0.000 
0.042 
0.017 
0.000 
0.000 
0.298 
0.000 
0.000 
0.574 
Table: 97. Difference between means of body part measurements 
of crowded and isolated adults of Oedaleus abruptus at 
27±l"C fed on Cynodon dactylon. 
(30 replicates) 
Females 
Indices 
Length of body 
Maximum width of head 
Minimum width of pronotum 
Maximum width of pronotum 
Length of pronotum 
Height of pronotum 
Width of vertex between eyes 
Perpendicular distance 
Length of anterior femur 
Length of middle femur 
Length of hind femur 
Length of hind tibia 
Length of elytron 
Vertical diameter of eye 
Horizontal diameter of eye 
Length of antenna 
E 
B 
C 
M 
Mx 
P 
H 
V 
D 
AF 
MF 
F 
Ti 
E 
O 
Oh 
A 
Difference 
0.134 
-0.015 
-0.029 
-0.035 
-0.009 
-0.022 
-0.010 
0.000 
-0.008 
-0.000 
-0.032 
-O.084 
-0.039 
-0.016 
-0.020 
0.035 
Crowded • 
t 
15.233 
-2.327 
-8.609 
^.924 
-1.417 
-2.172 
-3.339 
0.000 
-1.393 
-0.482 
-0.283 
-5.541 
-0.982 
-6.352 
-8.515 
4.088 
-Isolated 
d.f. 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
P 
0.000 
0.027 
0.000 
0.000 
0.166 
0.038 
0.003 
1.000 
0.174 
0.633 
0.008 
0.000 
0.334 
0.000 
0.000 
0.000 
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Table: 102. Percentage of gregarization in Oedaleus abruptus at 
different rearing conditions. 
Rearing condition 
Crowded/Zea mays/37°C 
Isolated/ Zea mays /37°C 
Ratios F/C 
s ? 
43 
90 94 
Ratios E/F 
s ? 
18 
Crowded/Cynoi/oM/37°C 
Isolated/Cy770cfo«/3 7°C 
Crowded/ Zea mays 12TC 
Isolated/ Zea mays I2TC 
Crov^dedICynodon/2TC 
ho\atcd/Cynodon/2TC 
65 
69 99 
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Fig. 2. Experimental Research Station. Scindhia Fort, Aligarh 
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Fig. 6: Choroedocus illustris - Population fluctuation in different years 
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Fig. 8: Cages in the Laboratory. 
Fig. 9: Choroedocus illustris. A. Male ; B. Female 
Fig.lO: Choroedocus illustris. A -Cannibalised Female 
B -Puparium of mites attached to the wing veins. 
Fig. 11: Oedaleus abruptus. A. Male ; B. Female 
Fig. 12: Oedaleus abruptus^ Adults showing the spectra of colours. 
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Fig. 14: Choroedocus illustris: Summary of life history at 37±1°C, fed 
on Zea mays 
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Fig. 15: Choroedocus illustrls'.Summary of life history at 37±1°C, fed 
on Cynodon dactylon 
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Fig. 16: Choroedocus illustrisi Summary of life history at 27±1°C, fed 
on Zea mays 
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Fig. 17: Choroedocus illustris - Summary of life liistory at 27±1°C, fed 
on Cynodon dactylon 
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Fig. 26: Survival Percentage of Choroedocus illustris under isolated and 
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Fig. 27: Application of Dyar 's law to Choroedocus illlustris under isolated 
and crowded conditions at 3 7 ± r C fed on Zea mays and Cynodon 
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Fig. 28: Application of Dyar's law to Choroedocus illlustris under isolated 
and crowded conditions at 2 7 ± r c fed on Zea mays and Cynodon 
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Fig. 30: Oedaleus abruptus: Summary of life history at 37±1°C, fed 
on Zea mays 
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Fig. 31: Oedaleus abruptus: Summary of life history at 37±1°C, fed on 
Cynodon dactylon 
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Fig. 32: Oedaleus abruptus: Summary of life history at 27±1°C, fed 
on Zea mays 
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Fig. 33: Oedaleus abrupius: Summary of life history at 27±1°C, fed on 
Cynodon dactylon 
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Fig. 43: Application of Dyar's law to Oedaleus abruptus under isolated and 
crowded conditions at 37±rC, fed on Zea mays and Cynodon 
dactylon 
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Fig. 44: Application of Dyar's law to Oedaleus abruptus under isolated 
and crowded conditions at 27±1°C, fed on Zea mays and Cynodon 
dactylon 
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Fig. 45. Choroedocus illustris Walker, growth of wing rudiment during 
successive hopper stages 
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Fig. 46. Oedaleus abrupius Thunberg, growth of wing rudiment during 
successive hopper stages 
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Fig. 47. Choroedocus illustris Walker, Male - growth of external genitalia. 
SG, Subgenital plate P, Paraproct 
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Fig.48. Choroedocus illustris Walker, Female-Growth of external 
genitalia. P, Paraproct; LV, Lower Valve; UV, Upper Valve 
n 
in IV 
Adult 
Fig. 49: Oedaleus abruptus Thunberg Male-growth of external 
genitalia. SG, Subgenital plate; P, Paraproct 
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Fig. 50: Oedaleus abruptus Thunberg Female- growth of external genitalia. 
LV, Lower valve; UV, Upper valve; P, Paraproct. 
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Fig.51: Showing epiphallus in adult male 
a. Choroedocus illustris 
b. Oedaleus abruptus 
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Fig.52. Showing ovipositor in adult females, 
a. Choroedocus illustris 
b. Oedaleus abruptus 
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Fig. 53: Standard scheme of morphometrical measurements. 
C, Max. Width of head; M, Min. width of pronotum; Mx. 
Max. Width of pronotum; P, Pronotum length; H, Pronotum 
height; D, Perpendicular distance; V, width of vertex between 
eyes;0, vertical diameter of eye; Oh, Horizontal diameter of 
eye; Af, Anterior femur; Mf, Middle femur; F, Posterior 
femur; T, Tibia; E, Elytron. 
Fig. 54: Dial Vernier caliper 
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Fig. 71: Breeding sites of Choroedocus illustris 
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Fig. 72: Breeding sites ofOedaleus abruptus. 
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Fig. 73: Choroedocus illustris - Adult Male (Dorsal View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & l o w 
temperature. 
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Fig. 74: Choroedocus illustris - Adult Female (Dorsal View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high temperature & 
low temperature. 
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Fig.75: Choroedocus illustris^ Adult Male (Lateral View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & l o w 
temperature. 
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Fig.76: Choroedocus illustris^Adult Female (Lateral View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & low 
temperature. 
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Fig.77: Oedaleus abruptus - Adult Male (Dorsal View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & low 
temperature 
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Fig. 78: Oedaleus abruptus - Adult Female (Dorsal View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & low 
temperature. 
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Fig. 79: Oedaleus ahruptus - Adult Male (Lateral View-Head and Prothorax) 
Colour spectra shown under different experimental conditions at high & low 
temperature. 
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Fig. 80: Oedaleus abruptus - Adult Female (Lateral View-Head and Prothora 
Colour spectra shown under different experimental conditions at high & low 
temperature 
